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A Van Driest dampina length 
b C( + m) or a constant for scaling the spanwise coordinate y 
c p/p or local chord length 
Cfc local skin-friction coefficient based on the Cartesian 
component of wall shear stress vector in x-coordinate 
direction 
Cfn local skin-friction coefficient based on the Cartesian 
component of wall shear stress vector normal to the x-y-piane. 
C Pv/(Pee) 
Cp pressure coefficient, 2(p - p)/(p u?) 
E total enthalpy ratio, H/He 
f transformed vector potential for ip 
ft U/ue 
g transformed vector potential for o 
g W/Uref 
hI metric coefficient associated with the x-coordinate 
h2 metric coefficient associated with the z-coordinate 
H total enthalpy 
i,j,k unit vectors in i,,-directions of the Cartesian coordinate 
system inwhich the wing is defined 
Kj = Kg1 , geodesic curvatures 
K2 = K92 
KI2, K21 geometric parameters 
L modified mixing-length or a scaling constant 
M free-stream Mach number 
p static pressure 
Pr Prandtl number 























































arc length along x-coordinate line
 








resultant velocity at the edge of boundary layer
 
orthogonal velocity component in us direction
 








component of velocity vector normal to the surface
 






independent variable in chordwise direction, x = ­
chordwise distance measured from airfoil leading edge 
independent variable normal to the surface, is equal to the 
normal distance
 
independent variable in spanwise direction, z = 9/b
 
Cartesian coordinate system used for wing definition
 
geometric angle of attack of wing section chord lines
 




displacement thickness based on the Cartesian velocity

components in the x-coordinate direction
 
displacement thickness based on the Cartesian velocity

components normal to the xy-plane
 
eddy viscosity and eddy conductivity, respectively
 
n1 transformed coordinate normal to surface
 
0 angle in tangent plane between x and z coordinate lines
 
ec momentum thickness based on the Cartesian velocity components
 
in the x-coordinate direction
 
On momentum thickness based on the Cartesian velocity components
 







stretching variable defined by eq. (B5) of reference 1 
(x-coordinate in differential equation'is x = ) 
two-component vector potential, eq. (32) 
Subscripts
 










bars denote rectangular coordinate system
 
primes denote differentiation with respect to n
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A COMPUTER PROGRAM FOR CALCULATING THREE-DIMENSIONAL
 
COMPRESSIBLE LAMINAR AND TURBULENT BOUNDARY LAYERS ON ARBITRARY WINGS
 
by 






This report describes and presents a computer program for calculating
 
three-dimensional compressible laminar and turbulent boundary layers on
 
arbitrary wings. The computer program consists of three separate programs,
 
namely, a geometry program to represent the wing analytically, a velocity
 
program to compote the external velocity components from a given experimental
 
pressure distribution and a finite-difference boundary-layer method to solve
 
the governing equations for compressible flows.
 
To illustrate the usage of the computer program, three different test
 
cases are presented and the preparation of the input data as well as the com­
puted output data is discussed in some detail.
 
A COMPUTER PROGRAM FOR CALCULATING THREE-DIMENSIONAL
 










In reference 1, the present authors describe a general method for calcu­
lating three-dimensional compressible laminar and turbulent boundary layers on
 
arbitrary wings. The method utilizes a nonorthogonal coordinate system for
 
boundary-layer calculations and includes a geometry program that represents
 
the wing analytically and a velocity program that computes the external veloc­
ity components from a given experimental 0ressure distribution. The boundary­
layer method is general, however, and can also be used for an external velocity
 
distribution which is computed theoretically. The boundary-layer method
 
accounts for all the geometric parameters of the coordinate system. The Reynolds
 
stress terms are modeled by the algebraic eddy-diffusivity formulas developed by
 
Cebeci2 , and the governing equations are solved by the efficient Box method used
 




In this report we describe and present the computer program for this
 
method. It consists of three separate orograms, namely, the geometry pro­
gram, the external velocity program and the boundary-layer program. The
 
geometry program calculates the coordinate system for a wing defined by
 
streamwise airfoil sections at a number of spanwise stations. These data
 
are stored for use in the external velocity and boundary-layer programs.
 




The external velocity program computes the components of the free-stream
 
velocity froma given experimental pressure distribution (Cp) which is input
 
as a function of fractional chord-location and spanwise stations. This data
 
should also be sufficiently smooth for chordwise and spanwise interpolation.
 
The velocity program could have been incorporated into the boundary-layer
 
program; however,,we found itadvantageous to allow the components of the
 




The boundary-layer program requires the specification of the coordinate
 
system, which can be either orthogonal or nonorthogonal, and the external
 
velocity distribution, which can be either experimental or theoretical. The
 
cal.culations can be performed for either incompressible or compressible laminar
 
and turbulent flows. The location of transitionmust be input. The calcula­
tions are done in the streamwlse direction for each spanwise station. When
 
the wall shear becomes negative, the calculations at-that streamwi'se'location
 




Inthe next sections we briefly describe the method; we present the
 
governing equations, eddy-diffusivity formulas, similarity transformations,.
 
the solution procedure and the marching procedure. We next kresent the input
 
and output instructions for the three separate computer programs and, to
 








The governing boundary-layer equations for a nonorthogonal coordinate
 







Figure 1. The coordinate system for a swept wing. 
Continuity equation 
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Here pv = pv + p'v', h1 , h2 are metric coefficients and K, and K2 are 
the geodesic curvatures of the curves z = const. and x = const., 
respectively. The latter are defined by 
I hl H12 sin o (h2 cos 0) ahl] 
K2= ~ "[ (h1 cos o) ah2] (6) 
K22 lhsin 0o (6) 
The parameters K12  and K21 are defined by
 
paramters 1++Co K+ 
12 = sin a -I+cos GK 2 + h2 azI (7a) 
K21 1 K + cos 0(K + 1 (7b)
'sine0 +CF zb)7 
ut represents the total velocity within the boundary layer and is given by 
tN 
ut = (u2 + w2 + 2uw cos a)1/2 (8)
 
4 
The boundary conditions we consider for (1)-(4) are:
 
y = 0 u, v, w = 0, (-) = 0 (9a) 
y = 6 u = Ue(x,z), w = We(x,z), H = He (9b) 
The system given by (1)to (4)and (9)requires initial conditions along
 
the-stagnation line and initial conditions either along the root or along the
 




ph 2 sin au x + 2- (pwhl sin o)+ - (Vhh 2 sin a)= 0 (10) 
x-Momentum
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z-Momentum
 
ay-P _WpVp cot = Pe h. z - cot 0 K2 
+ a( W.- P 'v') (12) 
Energy
 
w A + -('r
_ (13) 
=
Here ux au/ax, Uxe = aue/ax and total velocity ut = w. These equations
 
are subject to the following boundary conditions
 
y =0, ux v,W 0, (aH/ay)w = 0 (14a)
 
y = a ux = Uxe(x,z), w = We(xZ), H = He (14b)
 
For the root region, we have two options: we can use either the line of
 




swept wing equations. The latter are also used for the tip region. Note
 
that these equations are approximations to the governing equations in.those
 
regions. The chordwise attachment-line equations are:
 
Continuity 
_ (puh 2 sin o) + ph1 sinew + -y (-Vhlh 2 sin e) = 0 (15) 
x-Momentum
 
ufF XU v -- P 2+pv otU K u = (u -- cot
-c Dup 1 pct ne(<- 3Ue Klu)2) 
+ a 2U pV') (16) 
z-Momentum
 
Pu DWzx,+Vw w2z + vw- +p: 21uwuw z Pe (h wze * 21ue zPe 'ze + KlUeW
 
ay ay w z (17) 
Energy
 
p -FI + pv - Y(l - --= [ -r -- V/ \2- pv-F
u H HPray DH (+ u') 18 (18)
 
Here wz = 3w/3z, Wze = NWe/az and total velocity ut = u. These equations
 
are subject to the following boundary conditions:
 
y = 0 u =v = 0 wz = 0 (aH/ay)w 0 (19a)
 
Y = 6 u = Ue(XZ) wz = Wze H =He (19b)
 
The infinite swept Wing equations are: 
Continuity 





P 	u ±u - - u c2 + p + K12 
h x-P Ph ctK csce w pKl2UW
 







p 	 w+- wKw Kl2 p 2 u
 1 V
pvy-p coteK + p cscw e 2 Ku2 + PKuw
P aUh-T F2 KWu1 21
 





P H + V
-y -HpM ( 	 (23)P 	 ay Prz wy+ 7 ay t -p- 'H 
The boundary conditions are the same as those given by (9)except that ue
 




The method uses the eddy-viscosity formulation of reference 2. According 
to this formulation the eddy viscosity defined by 
@uw 
-pU'v P m ' -pwv' = p6m (24)
 
is represented by two separate formulas across the boundary layer. An the
 




'2[( u2 +fw2 (Iu)(3w)11/ 2 	 ( 
(m i = L + OWy) 2 O \a+ y
L~jay) ( y
Csmi + +L2 cos 0(a )_)1/ 	 (25) 
where
 
L 	= O.4y[l - exp(-y/A)] (26a) 




(w+ 2 cw 11/ (26c)[(t2 
__YW,0(TTtw=P Y wU)wI + 2o y 
Inthe outer region em is defined by the following formula
 
(m), = 0.0168 Ji (Ute - ut)dy (27) 
where
 
u + (+ 2uew Cos2 (28a)
 
ut = (u2 + w2 + 2uw cos e) (28b) 
The inner and outer regions are established by the continuity of the eddy­
viscosity formula.
 
The local heat flux term _p7rH-, appearing in the energy equation is
 






-pv'H' = B 




We use the numerical method of reference 2 to solve the governing system
 
of equations described above. Before they are solved, however, they are
 
expressed in transformed variables defined by
 
/LUe I12 
x -x, z = z, dn -Je(l 7P dy (30) 
A two-component vector potential defined by
 




= +pVhlh 2 sin 0 
83 
is introduced to satisfy the continuity equation. They are made dimensionless
 
by using new variables f and g defined by
 




= (Pe iieuesl) /2 Uref/ue 
The present method is developed in such a way that nonuniform net spacings
 
can be used in the streamwise and in the spanwise directions as well as across
 
the boundary layer. In the latter case, the variable grid isa geometric
 
progression having the property that the ratio of lengths of any two adjacent
 
intervals is a constant; that is, Ail. = KArj The distance to the j-th line
 
isgiven by the following formulaL
 
nj = AI(KJ -I )/(K - I) K > 1 (33) 
There are two parameters: An,, the length of the first An step, and K,
 
the ratio of two successive steps. The total number of points J can be
 
calculated by the following formula:
 




Inthe computer program, we select An, and K. Typical values for An, = 0.01 
and K = 1.2. For further details see reference 5. 
Inthe present program for a given spanwise station we march inthe stream­
wise direction. Whether the initial calculations start at the root section or
 
it the tip section isdetermined by the sign of the external spanwise velocity
 
component we' To illustrate our marching procedure, let us assume that the
 
wing has-three regions defined by the sign of we. Inregion J, we is
 
positive; inregion 2, we isnegative; and in region 3, we is positive
 
(see figure 2). Let us also assume that region I starts from the leading edge.
 
In this case, our calculations start at the root section. At the leading edge
 
we use the stagnation-line equations for one x-station and switch to either
 









x /TRAILING EDGE --

Figure 2. Definitions of various regions on the wing for marching procedure.
 
ecuations. With either one of these equations we march in the streamwise
 
direction to the net point before we changes sign. Then we go back to the
 
stagnation line and after solving the stagnation line equations, we start
 
solving the general three-dimensional flow equations at the second x-station.
 
This procedure is repeatdd as before for all stations up to and including the
 
tip section in region 1.. There the solutions are obtained for positive we
 
by .using the general three-dimensional flow equations; they are continued
 
into region 2 by solving the chordwise attachment-line or infinite swept-wing
 
equations up to the beginning of region 3. At that time we qo back to the
 
next spanwise station of region 2. For the first chordwise station we solve
 
the chordwise attachment-line or infinite swept-wing equations and then con­
tinue on to the next chordwise station by solving the general three-dimensional
 
flow equations for region 2. This procedure is again repeated for region 2 up
 
to and including the root section in reqion 2. The calculations at the root
 
section are extended to region 3 by solving either the infinite-swept-wing.'
 
equations or the~chordwise attachment-line equations, and the procedure used
 
for region 2 is repeated for this region.
 
10 
DESCRIPTION .OF THE COMPUTER PROGRAM
 
Detailed 	descriptions of the three separate programs; i.e., the geometry,
 
external-velocity and boundary-layer programs, are provided below.
 




Card 1 Punched as an 80-column alphanumeric field.
 
TITLE 	 Description of the case.
 
2
I ) A 5,6 	7! t 910f11211'41i51161 I4'92 21122 	 2412 26 27 b 9 63 ' 6, 7? 74 7'V9 
TITLEI 
|1111.111 	 ! llii I l ll, liii| ~ l II 
Load Sheet for Card 1.
 
Card 2 Namelist/Input/IY, NC, NS, IFLG, NT, IPUNCH, SB, SP, RL
 
IY 	 Number of wing defining stations to be read in. Numbering starts
 
with the most inboard station.
 
NC 	 The desired number of chordwise output stations.
 
NS 	 The desired number of spanwise output stations.
 




1, program calculates and punches cards for geometrical data
 
needed for the velocity program.
 




IPUNCH 	 Thi's flag applies only when IFLG=O
 
= 0, output printed only.
 
= 1, output both printed and punched on cards.
 




SP 	 Nominal span in feet. This constant can be used to scale the
 




RL 	 Reference length L in feet. All calculated quantities with
 
dimension of length are output in nondimensionalized form with
 
respect to this reference length.
 
Card 3 Cards for input y-station punched in 6FlO.O format.
 




516,79,9 	 2627 33N11 13 4 0 111 1 1 1 1IS197C2 122 2412 82 C 1 536 3E 3 
yl< Y1 	 Yl yl
 
i 3 6i a 1 35 5 .I4 
Load Sheet for Card 3.
 
Card 4 Cards for chordwise output stations punched in 6F1O.O format.
 
CX 	 Desired chordwise output :stations in terms of decimal fraction of
 
chord (based on maximum length line). Total number of entries is
 
NC. Note: If calculations extend around the leading edge,0.0
 
must be one of the inputs.
 
1 4 	 I 2122 2 2 33 5361313 C 
CX 	 ICX CX CX 
I 
i 	
,,,CX ii . C , 
Load Sheet for Card 4.
 
12 
Card 5 Cards for spanwise output stations punched in 6F1O.O format.
 
CY 	 Desired spanwise output stations in terms of the coordinate y.
 
Note that the following must be satisfied: YI(l) : CY(1) and
 
CY(NS) S YI(IY), Total number of entries is NS. The spanwise

coordinate z is made zero at CY(1) in the program..
 
213 1I 6 01 2IS1 51 lL+2JLL I4JLLLJIIL53- +JIJ 








Card 1 First card for each input station punched in 213, 5F10.0 format.
 
NP 	 Number of x - i input pairs. Note: Values for the leading edge
defined by the maximum length line must be part of the input array
if calculations proceed from or around the leading edge. 
NN 	 Sequence number for the leading-edge point in the input array.
 








XLE R-value for the leading edge.
 
ZLE 2-value for the leading edge.
 
XTE R-value for the trailing edge.
 
ZTE 2-value for the trailing edge.
 
1121 3A151,51 7189110[ 21745 1 1 hh19122 22242i2 732+113315 
NP NN CL XLE 	 ZLE 
J I I t 	 11111 11 1 111j, 
* 31' I,4 4 I 5 
XTE 	 ZTE
 




Card 2 Cards for x-values at a given input station punched in 6F1.O format.
 
XI x-values for a defining section. Total number of entries is NP.
 
X'I 	 Xl X1 XI1
 
Load Sheet for Card 2.
 
Card 3 Cards for i-values at a given input station, punched in 6F10.O format.
 
ZI 	 i-values for a defining section. Total number of entries is NP.
 
Note: The range of the input values in terms of the coordinate x
 




2 4 67 9 OIf2VIA15116 18192C212 2 2 262782 C 1 111 6 Bl 
zI 	 zi 
Load Sheet for Card 3.
 




Card 1 Punched as an 80-column alphanumeric field. 
TITLE Description of the case. 
2134 15161 711t 1 1 l1 111 p.9 22 22 2A7 2 
TITLEI 	 6FJJ!487H7*77ftk 
Load Sheet for Card 1. 
14 
Card 2 Namelist/Input/IY, NC, NS, IFLG, FM, AL, SP, SB, CR, CT, NI
 
IY 	 Number of'spanwise wing stations where pressure is given.
 
NC 	 The number of chordwise output stations.
 
NS The number of spanwise output stations.
 
IFLG = 0, output is printed only.
 
= 1, output is both printed' and punched on cards.
 
FM Freestream Mach number.
 
AL Angle of attack in degrees. (Freestream angle with respect
 
to the x axis in the xz-plane.)
 
SP Nominal span in feet (see geometry program).
 




CR Length of root chord in feet. Corresponds to chord at CY(l).
 
CT Length of tip chord- in feet. Corresponds to chord at CY(NS).
 
N N1 = 5 expects geometry data to be read from cards.




Card 3 Punched in 6FI0.0 format.
 
YI 	 y-values of spanwise stations on which the pressure distribution
 




YI 	 Y1 YI YI 
I67 1_ I K I 5II II I 2I I8I9I2 6 I I IiI IgI I 1j1ll 1 1 l" 
yl 	 Y
 




Card 4 Punched in6F10.0 format.
 
Chordwise output stations interms-of fraCtion,of chord, Must
 
be the same stations as output ingeometry program. Total number
 
of entries is NC. Note: Ifcalculations ext6nd around the lead­
ing.edge, 0.0 must be one of the inputs.
 
2627 82+ 41 31+3681+!=i345617189 0Ii211 Ai51611 aI19 21 




1 1 |I11I  1 1
 
Load Sheet for Card 4.
 
Card 5 Punched in 6F10.0 format.
 
CY Spanwise output stations-in terms of the coordinate y. Must be
 
the same stations as output ingeometry program. Total number of
 
entries is NS. Note that the following must be satisfied:
 
YI(1) 6 CY(l) and CY(NS) 5 YI(IY)
 











Cards Generated by the Geometry Program:
 
Column Symbol Format 	 Description
 
TH E12.5 The angle between coordinate lines.
 
13-24 H2 E12.5 The metric coefficient h2.
 
25-36 C12 E12.5 The derivative a(R/L)/@z.
 
37-48 C21 E12.5 The deri'vative a(z/L)/az.
 
Note: Data is read in for one
 
spanwise 	station at a time.
 




Card 1 First card for each input station. Punched in 13 format.
 




Load Sheet for Card 1.
 
Card 2 Cards for chordwise location of pressures. Punched in 6FlO.O format.
 
XI 	 Chordwise location of pressure data in terms of fraction of
 
chord (maximum length line). If data is specified around the
 




±2 1349106712' 411 611d 8119~c21L± 22 6J 21Ci 324131k513173l1iC 
XI I XI XI 	 XI 
,III f J l f l l f 
XI 	 XI 
Load Sheet for Card 2.
 
17 
Card 3 Cards for pressure data. Punched in 6F10.O format.
 
P Input pressure data interms of Cp.
 
Note: The range of the input pressure data in terms of the
 
coordinate x (XI) must be greater than or equal to the range of
 
the specified output points in x (CX).
 
1 
Q ri67 It1l l41 d1112222 II2k 42267829t313I 34I351 3tc11 1 9]ll6 3 
P P 
Load Sheet for Card 3.
 




Data for the boundary-layer program is input in two manners. First, the 
body geometry and the velocity distribution are each loaded onto disk, thus 
eliminating cumbersome loading of a large number of cards for each run. These 
two data sets need to be defined in the JCL, and the numbers on the DD card 
must correspond to the tape numbers defined inthe MAIN program for the partic­
ular data sets (i.e., IBM - FTOI and TAPEVL=l; CDC - TAPE1 and TAPEVL=l). 
Secondly, three cards are input with each run. 
Input for Each Run
 




f 6 +16 0 
I 2 31 4 5 663 
6 71 7A 7k 
TITLE
 
Load Sheet for Card 1. 
18 
NAMELIST/NAME/NXSTRT, NZSTRT, NXT, NZT, NTR, IFLOW, ICHORD, ICMP, ISPAN,
 
IFPRNT, VGP, DETA, ITMAX, EPS, IPZ, IPX, EPSV, EPST
 
NXSTRT 	 Number of chordwise station (NX) where calculations begin.
 
NZSTRT 	 Number of spanwise station (NZ) where calculations begin.
 
NXT Number of last chordwise station (NX) to be calculated.
 
NZT Number of last spanwise station (NZ) to be calculated.
 
NTR 	 Number of chordwise station (NX) where transition is specified.
 
IFLOW = 1 Start with outboaro calculations (root to tip).
 
= 2 Start with inboard calculations (tip to root).
 
Note: This is dependent on the sign of we. A positive
 
sign is outboard flow, negative is inboard.
 




= 2 Infinite swept wing equations used on root and tip,stagnation
 
line equations used on spanwise attachment line.
 




ISPAN = 1 Stagnation line equations used. 
= 2 Flat plate. 
IFPRNT = 0 Input data sets are not printed. 
= 1 Input data sets are printed. 
VGP 	 Variable-grid parameter - K
 
DETA(l) 	 Initial An spacing - An1
 
ITMAX maximum iterations allowed per column before proceeding on
 
EPS laminar flow convergence criterion (use 10-4)
 
IPZ controls printing in the Z direction (prints at every'IPZ station)
 
IPX 	 controls printing in the X direction (prints at every IPX station)
 
EPSV 	 turbulent flow convergence criterion on V (fractional change;
 
typical value = .1)
 
EPST turbulent flow convergence criterion on T (fractional change;
 
typical value = .1)
 
Card 3 Punched in (3E12.5) format.
 
Incompressible flow (NAMELIST/NAME/ICMP'= 1)
 
TFRS Freestr'eam temperature, OR.
 
UFRS Freestream velocity, ft/sec.
 
PFRS Freestream pressure, lbf/ft2 .
 
Compressible flow (NAMELIST/NAME/ICMP = 2)
 
TFRS Freestream temperature, OR. 
CMFRS Mach number. 
PFRS Freestream pressure, Ibf/ft2 . 19 
TFRS UFRS or CMFRS PFRS 
I I I I I II I l I I I I I I L I I I I JE I 
Load Sheet for Card 3.
 
Input for Data Sets
 
TAPEDT Contains the wing geometry - permanent information for a given wing.
 
TAPEVL Contains the pressure (velocity) distribution. Several different
 




Card 1 Punched in (213) format.
 
NXTL Total number of chordwise stations (NX) in this data set.
 
NZTL Total number of spanwise stations (NZ) in this data set.
 
Load Sheet for Card 1.
 
Card 2 Punched in (SF1O.O) format.
 
x Chordwise coordinate. Will have NXTL values.
 
IE6 7 l91101 314 15 16H 1$119122 12212ll24 76.276 i 71 7 l 7 
xx x 
Load Sheet for Card 2.
 
Card 3 Punched in (8FIO.0) format.
 
A Z Spanwise coordinate. Will have NZTL values.
 
A1 C1112 1l4T 5 1631I8 19 2C 71222 2 26 7 38 4___6__9____71___7__74___6' 






Punched in (8F1O.O) format. 
Fraction of chord corresponding to x-values. 
values. 
Will have NXTL 
12 3 4 5 6 
xc 










'3 4 6 9 71 7 74 
xc 
6 7 '9 
II I I I I I I I I, 
Load Sheet for Card 4. 










Punched in (8EI0.3) format (IBM - punched in 8EI0.4 format). 
Will have (NXTL*NZTL) of these cards. 
Metric coefficient, hI. 
Metric coefficient, h2. 
Geodesic curvature, KI. 
Geodesic curvature, K2. 
Curvature parameter, K12. 
Curvature parameter, K21. 
Coordinate angle, e. 
Surface distance, SI., 
12131415 6 78 9 10:1121 
HI 
,,,,I , 4 , 
I1 16 1, 18192 
H2 
,, I 1 
211122 247_262782 3334536 38 
CKI CK2E-,,, +1 +1 , ,H t 
41 24 446 8 SI 31554+ 8 62 3k 616 LSL 71R73174'6177K r0 
CK12 CK21 THETA PSi 




Card 1 Punched in (2E12.5) format. 
cards. 
Will have (NXTL*NZTL) of these 
UEUF Ue/U. 
WEUF We/U. 
7110 11121314 15 16 1'1al71 212 24I 45 6 78 
UEUF 	 WEUF
 
Load Sheet for Card 1.
 
OUTPUT FROM THE GEOMETRY PROGRAM
 
Geometrical data for boundary-layer calculations (IFLG = 0)
 
0 = 
Output is organized in such a way that all data for a given spanwise station 
Printed output (IFLG , IPUNCH 0 or 1)
 
appears on one page. The 	top line of each page contains the nondimensional
 
spanwise boundary-layer coordinate z and the case description. The rest of
 
the data is printed in columns. There are NS pages and NC lines on each
 
page corresponding to the 	number of z and x stations, respectively.
 
Column Heading Variable 	 Description
 
X x 	 The chordwise nondimensional boundary-layer 
coordinate, expressed in radians. x = 0 
corresponds to the leading edge, and x = /2 
corresponds to the trailing edge. Negative
 
values are points near the leading edge on
 
the opposite surface, that is, if upper
 
surface is being considered the points are
 
on the lower surface and vice versa if the
 
lower surface is considered.
 
XB x 	 The Cartesian coordinate x in feet of an
 
output point on the wing.
 
ZB 	 The Cartesian coordinate z in feet of an
 
.output point on the wing.
 
HI hl/L 	 Metric coefficient associated with the 
coordinate x in nondimensional form. 
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H2 h2/L 	 Metric coefficient associated with the
 
coordinate z innondimensional form.
 
K1 KIL 	 The geodesic curvature of the x-coordinate
 
line in nondimensional form.
 
K2 K2L 	 The geodesic curvature of the z-cootdinate
line in nondimensional form.
 








THETA 6 The angle between the coordinate line in radians.
 
S SI/L 	 The nondimensional surface distance S1
 
measured along the x-coordinate line from
 
the first x-value specified.
 
Punched Output (IPUNCH = 1)
 
Inaddition to the printed output, the following information is punched out
 
for the -use inthe boundary-layer programs:
 
x-values over the range from NT to NC in format 8FI0.6.
 
z-values over the range from 1 to NS in format 8FI0.6.
 
qc-values over the range 	from NT to NC in format 8F10.6.
 
Station data with geometrical quantities hl/L, h2/L,K1L, K2L, K12L, K21L,
 
0,and S1/L in the format 8E10.,3. The sequence of card output is from NT
 
to NC at each spanwise station. 'The spanwise stations are sequenced from
 
1 to NS. There will be (NC + 1 - NT) x NS cards.
 
Optional Output of Geometrical Data for Velocity Component Calculation
 
The following four quantities are punched out for each station: 0, h2/L,
 
3(i/L)/az, a(i/L)/az inthe format 4E12.5. The sequence of card output
 
is identical to the previous case. There will be (NC + 1 -NT) x NS cards.
 
This data is needed as input for the calculation of approximate inviscid
 




OUTPUT FROM THE VELOCITY PROGRAM
 
Printed Output (IFLG = 0 or 1)
 
Output is organized in such a way that all data for a given spanwise station
 
appear on one page. The top line of each page contains the nondimensional
 
spanwise coordinate z and the case description. The rest of the data is
 
printed'in columns. There are NS pages and NC lines on each page corres­
pondi'ng to the number of z and x stations respectively. Output for the
 
compressible and incompressible (M. 0) case differ somewhat. 
Compressible Case: 
Column Heading Variable Description 
X x The chordwise coordinate x in terms of 
radians (same meaning as in the geometry 
program) 
PR Pe/P Local static to free stream pressure 
ratio 
TR Te/T. Local static to free stream temperature ratio 
U Ue/U Vector component of the inviscid velocityin the direction of the x-coordinate line. 
W We/u. Vector component of the inviscid velocity 
I6compressible Case:
 
Column Heading Variable Description
 
X x Same as above 
USQ (Us/,)2 Local to free stream velocity ratio squared 
U ue/U' Same as above 
W We/U Same as above 
Punched Output (IFLG = 1) 
Only the vector components of the yelocity vectors are punched out. All fluid 
property calculations are done in the boundary layer program from the velocity 
ratio and free stream conditions. The punched output is again organized in the 
sequence of chordwise locations for each spanwise station, and the spanwise 
stations are arranged from root to tip. Each card contains the ue/u 
.
& We/U values 
for a x~z location in the format 2E120 5. There are a total of NC x NS cards.
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OUTPUT FROM THE BOUNDARY-LAYER PROGRAM
 
The 	output for the boundary-layer program is divided into two sections. The
 
first, which is optional, prints the input geometry and velocity. This print
 
can 	be suppressed by setting the IFPRNT flag on input Card 2 equal to 0. Out­




For-explanation of variables, refer to "Input for Data Sets" under INPUT
 






The 	title, input flags, and variables are printed as anaid to the identifica­
tion of each case. At the beginning 6f the output and with each change of
 
direction, a 
message is printed stating which direction the calculations are
 




Each station header gives the location of that station from leading edge down
 
and 	root.out along with the values of the chordwise coordinate (x), the
 
spanwise coordinate (z), and the fraction of chord for each x-value 
 (x/c).
 
Following the station header is a
message stating which type of coefficienvts
 
were used to solve that station. To determine how the three-point derivatives
 
used to calculate the pressures were found, two messages are printed. One
 
pertains to derivatives with respect to z, the other to derivatives with
 
respect to x. The codes 
A, B, C are defined as follows:
 
A = present station plus the next two to be calculated. 
B =	present station (used as the midpoint) plus the preceding station and
 
the next station to be-calcUlated.
 
C = present station plus the two preceding stations 
-Each iteration prints the wall values and the delta-wall values of the V- and
 
T-profiles. When convergence is reached, or iterations exceed the maximum
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allowable, the profiles are printed. Their description isas follows (for the
 
definition of the boundary-layer parameters, see p. 31 of reference 1):
 
3 number of eta point in boundary layer 












SVC spanwise velocity component, W/ e 
CVC chordwise velocity component, U/Ue 
US/USE resultant velocity in the boundary layer, ut/u s 
BETA flow deflection-angle 8 in the boundary layer measured from 
freestream direction. Positive s is outboard. 
Following the profiles, pressures used in calculation of the coefficients are
 
printed. For the general case, pressure-bars are also printed. Body geometry
 
and velocity values for that station are then printed as an aid in determining
 
that the correct values were retrieved from the data set. Next, boundary-layer
 
parameters are given, which are defined as follows:
 
CFC chordwise local skin-friction coefficient, cfc
 
CFN spanwise local skin-friction coefficient, cfn
 
DLSTS chordwise displacement thickness, 6* 
c 
DLSTN spanwise displacement thickness, 6* 
THETAS chordwise momentum thickness, ec n 
THETAN spanwise momentum thickness, en
 
BETA flow deflection'angle sw
 
RX Reynolds number based on s, Rs
 
USE resultant inviscid velocity us, in feet per second
 
DUSED derivative of the resultant inviscid velocity in the external
 
streamline direction, du /ds
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At end of each spanwise station (NXT) three additional parameters are printed.
 








lls = esU( U) d0 
TH21 momentum thickness , formed by the velocity components 
and w 
P21( e - dy
21 PeUs \S U 






At the end of each spanwise station, or at the point on the spanwise station
 




NX number of chordwise station
 






























I**SIGN CHANGE ON WE - CALCULATIONS GO TO NEXT SPANWISE STATION"
 
For outboard flow a negative we was read; for inboard flow a positive
 
we was read. Station isflagged and calculations move to next spanwise
 
station. If the root or tip calculations have been completed, a search
 
ismade to find the area of flow of opposite direction, or to see if
 
entire wing has been calculated..
 






States which type of equations are used to calculate the coefficients.
 
---- INBOARD CALCULATIONS STARTED---­. 
Flow calculations are in the'direction of tip to root 
If***** ---- OUTBOARD CALCULATIONS STARTED -----*****" 
Flow calculations are in the direction of toot to tip 
U**ERROR IN PROGRAM--CHECK FOR INCORRECT BRANCHING TO SOLUTIONS OF COEFFICIENTS**"
 
Will most likely never occur. Ifi-t does, check MAIN program where an
 
accumulative counter is used to determine which coefficients will be
 
calculated. The counter has been calculated incorrectly.
 
I"**SEPARATION LINE - PROFILES CALCULATED USING CHORDWISE EQUATIONS**"
 
The first spanwise line of a flow 'with opposite direction is being
 
calculated using the chordwise equations specified. Here, by separation
 





Flow separation occurred. NXT is set to last station, and calculations
 
go to next spanwise station.
 
***SEPARATION TOO CLOSE TO LEADING EDGE - CALCULATIONS TERMINATED***"
 
Flow separation occurred within the first two stations of the leading
 
edge and the calculations are terminated because three stations are
 




"NP EXCEEDED NPT--PROGRAM TERMINATED"
 
The number of points exceeded the maximum dimension allowed. Check
 
input for VGP and DETA(1).
 
"**NOTE - EPS DISTRIBUTION OUTER ONLY**"
 
There is no inner region. Something is definitely wrong.
 
"**NOTE - EPS DISTRIBUTION INNER ONLYt*"
 




Three-point derivatives are calculated using values from present station
 




Three-point derivatives are calculated using values from present station
 




"**X-PRESSURES=C**" and "**Z-PRESSURES=C**" 
Three-point derivatives are calculated using values from present station 
and the two previously calculated stations. 
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DEFINE GRID AND INITIAL PROFILES
 
o -- WRITE STATION HEADER; SET IT:O
 










FOR TURBI$ENT FLOW, CALCULATE EDDY VISCOSITY
I
 







FOR COMPRESSIBLE FLOW, SOLVE TEMPERATURE PROFILES
 
,YES SET NX, NXT TO
 














STORE PROFILES AND PRESSURES, DEFINE GUESS 
FOR NEXT STATION, RETRIEVE BODY GEOMETRY 
A YES STREAMWISE 
SANISE MOVE, PRINT SUMMARY TABLE D--
STOP
 
GO TO NEXT SPANWISE STATION
 
SET UP PROFILE GUESS, PRESSURES,
 
~BODY GEOMETRY; WRITE STATION HEADER,











To illustrate the use of the computer program, we present three sample
 




The first test case deals with the calculation of an infinite swept wing
 
tested by Brebner and Wyatt5. ,Calculations for the upper surface were done
 
in: (a)the orthogonai coordinate system fitting the yawed infinite wing
 
geometry, and (b)the nonorthogonal system employed in reference 1.
 
The untapered wing had a sweep of 45 deqrees, the streamwise airfoil was
 
a 12-percent thick RAE 101 section on a 20-inch chord, and tests were run at
 
a chord Reynolds number of 2.1 x 106. Calculations were done with the measured
 
pressure distribution at wing,angle of attack of 2.1 degrees and transition was
 
specified'at x'/c = 0.35. To runthe present boundary-layer program for ortho­
gonal coordinate system, we set h1 = h2z= 1, K1 = K2 = K12 = K21 = 0 and
 
a = w/2 for all chordwise,and spanwise stations. The inviscid velocity com­
.ponents were obtained directly frpm the simple sweep theory:
 




We= u sinx (35b)
 
Here Cp is the mea'sured pressure distribution, u = 200fps, and x =7/4. 
Note that the geometry and velocity programs were not used and that, because
 
all spanwise stations are. identical, we have for convenience let the independ­
ent variable x be the surface di'stance normal to the leading edge-instead of
 
the polar angle @.
 
For calculation in the nonorthogonal coordinate system, one can take
 
advantage of the similarity in airfoil'profiles and pressure distribution in
 
the spanwise direction to simplify geometry and velocity calculations.
 
Because of similaritywe can calculate the quantities h1 , KI, and e for
 
one streamwise section only; and set K2 = KI12 = K21 = 0, h2 = 1.0 for all
 
stations., Calculation of the needed Iquantities follows the procedure dis­
cussed in detail for Test Case 2 except that the analytic expression for
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streamwise airfoil definition was obtained by spline-fitting the tabulated
 
data by a cubic spline. The inviscid velocity components were calculated
 
directly from the velocity components determined for the infinite y~wed wing
 






We u sinx -Ue cote (36b) 




To illustrate the input for this test case, we present only the load
 
sheets for the boundary-layer program. The input for the geometry and vel­
ocity programs are quite straightforward, and the load sheets for them are
 
not shown here. However, the data for them are shown below inthe printout.
 





BRBNER'S YAWED WING NONORTHOGOAL COORDINATE SYSTEM 
I I I I I I I I I I I I I I I J~ 
Card 2
 
$NAME NXSTRT = 1, NZSTRT = 1,NXT = 30, NZT = 3, NTR = 16, IFLOW = 1, 
ICHORD = 1, ICMP 1, ISPAN = 1; IFPRNT = 1,VGP = 1.26, DETA(1) = .01, 
ITMAX 10, EPS = I.OE-04, IPZ 4, IPX = 4, EPSV = .1,EPST = 
Card 3
 
TFRS UFRS or CMFRS PFRS
 
+1 ,455I.EI+ 010+ 20E+0012047.681EI+00 
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The printout of the velocity and geometry data are shown below for only one
 




'-XI FPNAL VELOCITY I T-rP I..A IN I FT/S[C I ' : 
7 	 x U1 Wr 
j . C.i 	 0 .0 C4142lf-+0' 
2 .4 12 5OE-i1 C.&4O IlO1CJ C.1284 S+-+C0 
3 j.67 2 L,-lIP 0. WU7 ,2E4 C. Ii ?45- +03-02 
4 0.?I7IUF--)t C.1650769+C0 C..1A"14F+03 
5 C. 1( (,O AD 	 +. (..24(7 ; 01 10b(M+01 
6 . lqlS4"O|O O.J; -0 . d4 
" ..7 0.2C1 -3)' o "t" " C.4" 0 
9 	 0.  4'?5-7 cO 09.2 3y. 6o-C -C. 1,; ]'t21 +O,? 
S 0,.111[601-+(0 C.2.iM(T+ 13 -t?132F+0? 
10 9. '.02721W O( C.?A2 J2 7&-KC3 -, * 3! C c;-i- Of' 
Q.914*30[+00 O.. 2( E4 03 --. L4,24t 02 
" 12 0. 554 0 l 1-00 3.2 t )-	 .+ 
s O.(q35POE & C.?24Y7!,244C3 -C. L;, ]0I0 
1'. ,.K727 36-G 0.252:1 4E+03 -C.44ICL+O4 
15 1. (5'iCEi-( u 3; 9 T4-3 - 42215+02 
1 C.coti; -aO c. J'54t)41 +3 -i,.391';6C,4j7 
17 ,., 0 -£+ C.26C .6;y01 -(,. 5 2-4­
l" 3.%; 3' 3'i-O 0.74't r R -it .3'J: 12F'+O;: 
19 ,. ]0C? 2 U,+11 0.237Cc y,-+ -0.2t?23. +O' 
o. 1 _O4( CE +, 0.L5305'3E+03 -( .2C ' "+l2 
21 0. [1t-3)&eo1 C.,l4 , .54,) -(,. ,lQ"c'1 +02 
?3 0.126(Il:'+01 0.21263'- 4cS0 -6.121 U 'E +0 
24 j.1.-co1 f --)! C.MK7 5i'-3 -Z.436,)4F+91 
20 0. 4 i 4 ' ..2''? :Ei_4 -C . 6 12'JIL- +0O1369 tM 1 0 
2, 0. 140 ) " F i- I C. 141 Q!lA 4Q ! C. 3 [A4 o2 I)
" 14 - C . qKA-.Q * (N 7L +0327 u. ' 50i )i i -+0 1 14 L"3i25 . 1 92080C'LCI} . Ihl, AE,-CO.. .. Ii -+O2 
2"9 C. 55C I A- C. 12 2CL 40 .t3. 1? -I 7:6+02 
' 30 0. r -I /U8M ] C.I8,3lC2,.: J-)i 0.1 4; 3"51 02 
IN:PlUT ,..illqt PF(- EIRY -.*'-, 
N7 N P 1 Pl? KI 	 K 
I 1 1). I1 4's't I - 3,1 u. ,1 Vol.&-30.3cE.43 U Q.20. 
1 2 0.lbl.At+( 3 .M1-AtIb *9 .*M 57'h2 3.0 .) 
t. 20330h-  A .it .22015+02 C .	 . 
.	 j.1 0.21. W .00t ) (3. 1 ;1TC l I U)}-("2 i a. 	 ) 
,	 4 3 01 5 0.21901C+ ) 0.1C 60[+3l C.1 r 2 .0 . 
1 6 O.2 'I+C C. 1:J3C01 CA- )CF'L C .0 0.9 
1 7 3.1NC-1 ].3(CS0F+-4 	 0.0"C.2 w,0Q4Ul C .0 
I S 0.42630F4L) C.IM(,W 1 i: ["274 :-)1 .) -. 
- L2N;0, 
1 10 0.6(-7)06+G ] 0. if O'-F+ )1 0. '2P 4O -+t C u.' () 
I Q 0.n424Pi-( 0. ; a C. 3f10f.( 	 -
I I11 . 1 	 (3.1C'A4 4(3 C'),6oICEC1 0. 31("-,i 	 r0.,, 
1 12 u.3P4 30!0+ () 0. [(MO)W, 0!1 OM41CF-Ul 0.9 U. ) 
1 13 C.A[u)26[+,J1 C.IC(}3F-01 )'.-0A;00F-C[ 0.0 1 14 0.! 103M')f- i }.tCO,)Fi )1 "L IP .j - 0.0C 0. 
1 150. I1 (0lL+)[ n01iOCQEo C._?'CI0F--02 ".). 

1 1 0 . F+-4-)L I.) )0. CE--2 
I u Q !if) , 'j'-. 121 0,.IC "., 
210 1. L'IGOJF-"1---.-
'II l.50[ CF-Cl : 0
1 18 g0. 1SO50+4+')L '1. LD(')O-F+ )I- .1 -117C: 31 G.') 0J) 
1 1' 0. L4'J P A ;. OC OF I-j1-). 1C(-''-0 (.' 	 U.3 
1 20 q.C',cFOI-- .).430U- C.oW.4'1tOt' 
1 21 0.L3q0n.'-Ot U. 2_COE+I-3.7$.ViC'-0 u. ) 0,u 
22 0.L5'9Ei)l u..E'BF. W.OflOuE+ ,)*).o 
2 cI 23 0. 5'40S[c+01 0. IC0( OE41" 1-C. 3CF-n2 C.0 0 -) 
1 24 3.16230001 0.1 A, )F f,1-0.5' ;P Q-03 u. ,}.-) 
?' 0.1642AK)l CL",.tJtF+31 ,.103 4 7-!13 a., 
1 26 0. P1 5 7.'-P ).0 OJF-t- -y 2. J' 
1. 2 ,l 1,F&)Ff01 G. [(;WOOFflt C.7S4AIC -t 0.0 
.1 ?8 0. ,40E L".t0'0'E+'1 ti.562 f-+ ca
1 P9 0. 16760FIL ?l,.ICQ0'C- i I -t .. 3C?- J3 C.0 
1 0 0.167,t.) . 
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-'UZQ 
K21 THETA SI RHOE CMUE
 
0.0 0.15710E+01 3.0 0.26226F-02 0.33708E-06
 
0.0 0.12890E+01 0.81470E-02 0.26226E-02 0.33708E-06
 
0.0 0.11960F+01 0.11790E-01 0.26226E-02 0.33708E-06
 
0.0 0.11350E*O- 0114770E-01 0.26226E-02 0.33708E-06
 
0.0 0.10580Fe01 0.19910E-31 0.26226E-02 0.33708E-06
 
0.0 0.96120E+03 0.30900E-01 0.26226E-02 0.33708E-06
 
0.0 0.88630E+00 0.50310E-01 0.26226E-02 0.33708E06
 
0.0 0o.85430E+03 0.68570E-Cl 0.26226E-02 0.33708Er06
 
0.0 0.82510E+00 0.10380E+00 0.26226E-02 0.33708E-06
 
0.0 0.80710E+00 ).15530E+00 0.26226E-02 0.33708E-06
 
0.0 0.79670F 00 0.22300E+00 0.26226E-02 0.33708E-06
 
0.0 0.79250E00 0.27350E+00 0.26226E-02 0.33708E-06
 
0.0 0.78150E+00 0.35720E+00 0.26226E-02 0.33708E-06
 
0.0 0.78640F+00 0.44060E00 0.26226E-02 0.33708E-06
 
0.0 0.78540E+00 0.52400E+00 0.26226E-02 0.33708E-06
 
0.0 0.7q570E+0') 0.60730E+00 0.26226E-02 0.33708E-06
 
0.0 O.78650E00 0.69070E+GO 0.26226E-02 0.33708E-06 
1.0 0.7'750E+0) 0.77402E00 0.26226E-02 0.33708E-06
 
0.0 0.7883E+0) 0.85770E+00 0.26226E-02 0.33708E-06
 
0.0 0.78930F+0) 0.94110E+00 0.26226E-02 0.33708E-06
 
0.0 0.79000F+:3 3.10250E+01 0.26226E-02 0.33708E-06
 
0.0 0.79060F+03 0.11090E+01 0.26226E-02 0.33708E-06
 
0.0 0.79090EF&O) 0.11920E01 0.26226E-02 0.33708E-06 
0.0 0.79110E+,03 3.12760E-31 0.26226E-02 0.33708E-06
 
0.0 0.79110E+O) 0.13600E+01 0.26226E-02 0.33708F-06
 
O.0 0.79LlOE+O03 0.14440E+01 0.26226E-02 0.33708E-06
 
0.0 0.79l10E0f0 0.15283E+01 0.26226E-02 0.33708E-06
 
0.0 0.79110E 0) .t6tlOE+31 0.26226E-02 0.33708E-06
 
0.0 0.9110E+O) OU6620E+CI 0.26226E-02 0.33708E-06
 
0.0 0.79110E+00 0.16950E+01 0.26226E-02 0.33708E-06
 
The printout of the boundary-layer program is shown below for a few represen­




HPFE-D OOGOOARY-LAYER PRCGRA 
108R INCO4pFIS 1 43(0130 (0114E$S1 81 LAINAP AND TURBULENT FLOWS31tI4 1 

BRENERS YAAWEC SYSTFM
hONG. N(N-OQRbhOcllAL (6108. 
NXsRI. 1I SIQTA I On 30 
NIT . 3 NIP . 16 IFLOW. I
 
1C3030 7 1CMI I 1 I1SA 

IF1.I I FrTA , 8.0C00 OE T 0.05000
 
VGP . I.30r1O OFRS - 0.455C(O.03 PFRS * 0.2047608E04 
UFRS = C.S0(OUOE003 4FPS . 0.0 LFEAS = 0.3307BE-06 
RHnFRSe 0.26;2t[E-O Z TI -- 0.4550COB+03 
- - CUTOAR0 CALCULATIONS STARTED .....
-- I7..
 
S*t**kX = U 0 0 0.0 1 0 .0. C= 0.0 
fl STACKAIIN E1.tE EOQUAIONS *0
 
*0a Z-PAFS$UpES-A A¢ %
 
** X-FRFSSUK6S=A f1P4ALLI IFV(I
 
VI6A7118 fltyll 0(3411) 0th)
 




* o.1240 I o.139- 130628o~0- .41126.00. v
 
4 4 2' I E: F A 
 D6 0 

1 22180* 0002 _ 6.9 280 101 0.0 0
0 0 1 0. 0 E 10 0040.163500 0 0._6 05756-0F7, 0. 01 0.790001-02 0.79161F-00 0 1 ,6 0.100000+00.0 0.22536E2,00 03125 0.396413+00 
700.'C7(6E 0 3T2610 0.03068-0 010 0.0000U.519 0.6419796,00 0.2 0.31958*00 01
 
1~ 0 04 3 0.T1 0.'1 631.100 C.9314961100 0.' 428026+00 0.4 768506,00 0.5432106100 *0.222301+00 OOE01
O0.100006 +oOI 
0:19,5.0 0:110 89 00 01}36055 O.tlB010
 
0 E 0 0:374 03
10 10 0.51,7 5' 00 C 33 6 86 +r 0 . 7 71 11 0 . +1 

,3 3.71614 5 I 00 E00 l 780. .
0 7 C.3 5 ' 3 0 
E. 
0.637801 0.353695(100 C.3372100 0.353695100 0.0 








.10 001*0O 0.I¢(O1 Ofitl 0.0 0.0 0:0 -O,7173196-067679.01 0.34 0.0 0.0
 
0 0. 3 OFAO 

03 OIONETFY FROM 50ORMm 0404 SF6
 
1 . 4.50Q 55P 0 0 0. 
SO * 0.0 13614. 0. 05710CE.Cl fit - 0.01 0 H7 * 0. 100006*Dl K1 = 0. 365900602(2 - 0.0 1 2 0 .2 K30 - 0.U 06 0.0 WE * O.01420+03
 
80086 = 0.2622616-02 CUE gC.337078E-0
 
CFIJ - 0.0 flLISO. 0.0 T116. 0 .0 .O Pa= 
S 121 0O560'00141421E+03 '.0 
... . . .. . . . .. . . ..... . e.*..... -. *. ... .... =+...=.... . .... ~. 3 






Vl.0(1 O11V(11 1(t16 OEL|(1)
 
2 0.0)772600 -. 'If, 908 r . 55 .0.-0Co -0.:09840
 
2 0.00428E:00 -0.4 5738-02 .. 50536E *0 -0. 51 06-02
 
3 0.6059376000 -0.944615-O5 -0.22ao 0S4.00 -0.326544E-05
 
J N.TA 	 0 1 V G W T B 
20.0 0.0 0.0 0.0 0.805923100 0.0 0.0 -0.252058E.00 O.0O000OE*014 	 0. S q.4182111-03 0.15544?2-01 0.203793PfO0 46635E-02 019935E*0039500 0.735735E00 -.. -045323701 -0 0.100000E+02 
01.61014 0.1305893 -02 '.34249NE1O0 0.4040(400 0:576721*00 -0.364 -01 -0.1076810*00 -0.80 10-01 0.1000000*001 
.3205862 	 .2455268*00 tSZ$78574* :650100 T.409148 "0 -02 *r-o .87. 39 0*60 0. 16T 1!I '0 -0.0048620-6 0o6503-0 0.100000E.01 
,162 390-013 3 71 4 45 . .274&5F4l 0. 990946U0 0.229628E-02 -O.230037E *00 .9666098-02 0.o960451-02 0.1000000401 
15 03956233e8 1 01-01 000 0.| O O.84N59E-o0 E 	 0.100000OE011 .5436201 0.100000102 -0.20A54000 .023253E-02 -0.199045E-02 
j FTS Svc 0VC 4SME LETA
 
0:750. -20 7S. 0..)2ME0 0.0IIIFO -3.1404597f+02* 0.l9"530 "0.1063762.t02 O.2271761 O0 0.0301*0 -0.131054802
 
7T 0.0370 -1.25442310?02031481F4. .06610 0.50 26 01
0.7739 30100 .54444030 64037405 0.471 52'1*02C C:7 30061213 3°73 5 .7203EG0 Or ? l C . 002C 0 8 1001 	 a 3F2 ,
15 6.395623 0 .. 9I' '91 00 .*C00001 +01 0o.0000001*0L a.1A86011E00 
90 '7 *3 T4 P5 *6 *7 98 P9 
1.630S5F+00 O.3b024(0F.c C"0 0.) 0.0 0.0 0.452566E-01 0.0 0. 17 42E*00 
0.01)556 00 9.3582.,,0t00 -0.2450EC0
 
*01y GEOETV '4C S,020 CA6A ST
 
Si 0:.03006-01 T64118.C 8A70900
 010a~62 0 AL0.1E.CN . 00 ~ 8i9~B 
CF ': -02 00S71' C.79,)001-C I2IAS 0.737437E-0 HFTAI -0.14492F+1320.553'I, 

CFO -0 ItIT* 0?' o.lo .'40I 7F-02 0H3AN' -0.22015*E00 RX 0.070279*.35
1 = 

F,S1 *0 2)&C,0 16. IN-0 C .070.671*05L
 
I*hf40 • 0X8 7* 1 2' 0 .246 7 0.0 120. 0.030 
lh S 2, ClnAIGGt 00 .- CALLI.0I+'06I6 30 07 S05pANW000E STATIC 
-SLOARY 1ABLE
 
N0 110 VWA'L TALI C0 (IN BETA LSTS DLSIN THIAS THTANC. 	 R
 
00 00 .0 .0 00 .0 0.00 0.1900e. 2.03600.02 0.60102 841 "~~~ 0.3012r-02 017L0 .3:369.F*029+ U0:0432t-01 00068I-)3 008566E-04 0:.n-2 0.2960E40414 '- 2 0.2447(400 2 -  .2 34102 .	 2 :67421-04 
30.M7000-J23*).2901 *9 0.?124(0(0 0.420 7-07 0.17200-02 0.229*F .. 13F-03 0 1S40-J3 0.6315E-04 0.78590-04 0.6302E+04 
4 0. 0,1-:32 ).1. 0690431 0.04981*03 00.4809|-32 0.1 '1 -0 . 0o|320330-03 n.70511-03 9.6061E-O0 0.75451-4 0.17910*055 5006-02 03.13 | 0.4681-00 0.57010-a 20.3430E00 0.3451F001 '0.3 800-030. 239-39 . 46404.10031-04 994 4 
60.0000-0203. 4 7:7;0-N:23 VF. 9 0. 0:-O 79214L-0 -OTITO70 0.14SIF-03 0.2940F-03 0.6)91F-04 0.2724E-04 0.4033E05 
7 0.21010 0.00 0-0 6210005,- C 02-1.4721-02-0. 04850'02 0.L790E-3 0.94 13F-02 07374E-00. 2221E.00 0.8703E05 
*I0¢$ N*1 25 qhL = 2 0 4 1.349 * 0 .100 02. 0.600 
i4 OI-PRESSRESC 
I'LLI 714)IIAIL) TR|IMl
72 f0t 02(0 081L 116I 0.1172570'0 -0.4631770-Ol .2 16649 3U 0.lO3640t-l2 
2Leko _-pRV,31CRZS=II S 
*0 OI 540t651381 - . E+10 -93 
J ETA y F N I G W T 8 
4:%q0 ,;264[E-02 C31207v-00 %02-11152f- 0384203*30 0.49 0-02 2 + 8:18'22018o00 	 0.*454580.0 
S 0 09 42 0-02 0 20470 0.4474021*00 I.FIT4078*00 0.920-4001 0.40 E_01 0.1397011-0 . 320002
 
to0 600749 0.079648N0 0.1104oo331*0 0.5632E*0 0.6221 31-0 0949621-0 .6.01 0 .48 7050. 3372.02
 
I0 3.706345 3.414342e-O 0.2002361.01 U.69351000 N0.278 799WF-01 0.23752E*0 0o.6062[E-01 -0.256350E-02 0.882 678E02 
16i~ 8.446 0.43 0053F1'06 *0 .47 3600-02 01 .9317291*020.9"40-0 0.7971, 609-00.04100 	 021 6:-0.:9 
I9 I0.5782 0.20730&.8.0 3.4'Z25F 0Z 0.9 0.01 0,6:60s-0 075154E0004 7408-02 -0233327-02 0.9317190*02.. :9 	 0.56 
-0.33 1.62E-0 0.9311296002 
27 41.010691 0.457611E+'00 
22 40.01069. 3.4E763*00 0.1.1b8E*02 0. 1¢OOf10 0.659850E-04 0.7073146+0 
-0.33512E-02 -0.2009610-040.2006L6E-04 . 7 E*  0 871E1OZ 0.I(2000F0 0.653850E-0 0.707341400 
3 ETA SVC C6 t/USE 8ETA
 
0U0 . 0.0 0. 0:61di2214O
 
4 0.0125o -0.377501+02 C.0660920 00 C.30430FN3 A0.MAE.10 
7 0.63790 -0.1913M402 0.6''26610 C .511625*00 0.5041900010.64420 00 04 1 E300401
 
23 3.72346 41 008ell1 ?0:1.151:1 *0 IrOU 0.0775 0E0
 
10 .0140 .2304714lt02 0.612'13C0 
3. 	 0.674 
09 0PI5156N2 -0.1671I2 01 C.71191+00 0,9|?7912 00 0.2134174E00 
22 41.032049. 0.66+46* + .I0C OOE.0 l C.S 9403.00 -0.035&16+200 
2 TP P4 - p5 P6 P7 T8 p9O.2p'M621*13o -0.S1 1533'CC 0.0 0.0 0.162577E-05 0.110027E-05 0.114584E0. 0.0 0.199442E-03
P O P| 1 "2
 
0.8a4158f1 o -0.40 16,EtOO .297 6601000
 
0'20 P'2 P30 1410 pSO P6 '70 Pea T98
 
0.292 	 rll 0 0 - ).400182F+ 0 0.0 0.0 0.76 7291-06 0.541193E-06 0.28. 30F101 0.0 -0.452595E-03 
(0772E.00 -F'i).311t.C C93700 
ONL2YGFCWIY IlO '.000Pf CATA ST
 
S 0 I 1001403 00,13A0 0.090fGE0(2O I 0.164200F101 H2 = 0.0)000E* K1 0.1032OOE-03
 
72 * 0.0 KIZ • (- .02 K1 0.0 UE 0.2O20104E03 08 - -0672LIZU00
 
AKE* 0..I 6224F- coul * 0.3317078-06
 
(fC 0:A l0. - 09 f S10534 0.V,67-02 10(S. U.246703E-02 HERA = 0.618172E,3
 
C6F.I I3~64E0 91 C SIN 0.2341690100 3H60N 0.342000610t OX - 0.213l63E8.00 
.48 * A10 CQ0.2001900008 -0.31a4002E 
0*** *2 * 26 327 * 2 A 0.4C 7 = C.100 X/C 0.850 
5003(0+A0,E - GOn 79 PANWISE 

. . . . . 3. 0-... . . . .. . . . . .............. ..... -- - ..
 








The second tst case is'for an incompressible flow past an untapered and
 
untwisted, 30-degree swept wing having NACA 0012 streamwise airfoil sections.
 
Its semispan is 9.131 feet and its streamwise chord is 3.776 feet. The inviscid
 
velocity distribution was obtained by using Hess's potential flow method
7
 
at an angle of attack of 8 degrees which yielded a lift coefficient of 0.51.
 
A total' of 16 chordwise strips each subdivided into 50elements were used to
 
obtain, the solution. Boundary-layer calculations were made for the lower
 
surface of the-wing at a chord Reynolds number of RL = 5.88 x 10
 
Because the'velocity distribution was calculated from the, inviscid flow
 
theory, it was not necessary-to use the velocity program. However, since the
 
output from +Hess's potential-flow program is given in a Cartesian-coordinate
 
system, all velocity components had to be rotated into the nonorthogonal coord
 
nate system. Let the potential flow yelocity vector v be given by vxi +
 
Vy, + Vzk,- then the dot productst.of this vector and the unit vectors t1 and
 
12' In the-coordinate directions oh the surface will give the projections of
 
the resultant velocity vector along the surface coordinate directions. The
 




-v tI - v t2 .cose 
Ue sin2e .(37) 
A A A 




Also, because the output points from the potential-flow program are not neces­
sarily the surface net points at which the boundary layer is calculated, inter­
polation in both spanwise and chordwise directions becomes necessary. Ideally,
 
the velocity-component-calculation subroutine should be attached to the
 
potential-flow program. Here we have done all the steps piecewise.
 
Another aspect of this test base is the simplified geometry which allows 
one to bypass the geometry proqram if so desired. Similar to the previous t~st 
case, the untapered and untwisted'wing implies that K2 = K12 = K21  0, h2 = const, 
and that hl, K1 and 0 are to'be calculated on one streamwise section only. 
37
 
Calculation of these quantities can be done analytically since the NACA 0012
 
is described by a closed- formula. The procedure is 
as follows:
 
I We denote the wing chord by 
c, the span by b, the sweep angle by 
 x
 




For the NACA 0012 airfoil, the thickness distribution f is given by
 
f (1) = 0.6[0.2969 vi--0.126(x/c) - 0.3516(x/c)2 + 0.2843(x/c)3 
-0.1015(x/c) 4 (39b)
 




T )y+ ) (40) 
If.we select the root section to be the defining airfoil section, then x : x
 
and x/c = 1 - cost since we have an untwisted untapered wing. Using (30a),
 
we can write (40) as
 
h= c2sin2W + (f,)2] (41)
 
Here prime on f denotes differentiation with respect to x/c. To obtain
 
h2 we note that the distance along the wing generator is y/sinx, and choose
 








1 2 ay-) (43)
 
By noting that aj/ay = 
0 and that for any point P infigure 3,
 








Figure 3. The notation for test case 2.
 
(4
cose -sin + Wf) 21l/2 (44)
Dl 

The expression for the geodesic curvature K can be obtained by differenti­1 

ating the right-hand side of (44) and using the definition of KI, that is,
 
K= hIh 2 sine x 2 cose) 
This gives
 
K1 = 1 d(cose) _ sin.f'f" 
212h1 sin dc sine[l + (f,) (45)
 
For reasons similar to those discussed in test case 1, we only present
 
the load sheets for the boundary-layer program and the printout of the
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The printout of the boundary-layer program is shown below for a few represen­
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5039.2025d 0.7837 00OO 0.374594*0 014906460,0 0.327614E-03 0.230656F+0 0.516443E-01 0.474774E-02 0.236678E+03 
52 9679535 0.9i3495E 0 0 .42 3IM+02 C. 000COE*0 -0.564101E-03 0.27370LE+01 0.420170E-01 -0.662455E-02 0.236678E03 
I EA 0 ..
5vc90 LUSE OCTA
 
1 0.0a 0.0 .0 0.0 0.,44555E+02
 
4 0.036476 0.445054E.00 0 : 40330E-00 0.767226E-00 0.035699E.02
 
17 0.111441 3.0002204,01j 0.20450S7 10 C3 116O I1
 00 6940 0. 1 .516* 8:f040 0.4391C 
03 0 * 0.H9694E*01 0.41306+1E0 .4496490+00'577386 C.9323336+01 
.193465 0.163306E0l C.515291EOC 0.201806 00 O.8L9464E601
 
19 2.*2 5 3 t173864+00 E.C2C 0.56925E+00 0.706283E+01
3.5936560+00.64I0F1*4 C6540911*00E.167819*UI12 4:.891097 
25 9.02512 3.152141E*J 0.7q277 06E+C0 .7447080+00 0.4740220401 
Z6 19.68|9 0.1299734E01 C¢*91475E+CC 0.B1?745E+O0 0.357715F0*0ig .20259 3 31 *0O 01 0S36F*0 0100437E01 I. 63730E,*O 
I1 D2 03 04 P5 P6 P7 PS P, 
- P00 E+00 -0.274429*E01 0.) 0.0 0.213112E+00 -0.977936E-01 0.304341E00 0.0 -0.131001E-010 , ' F+O -, Z ;O C+;I2F+01
 
095440-00 -*. 50WI+01 0.0 lS I00 
-0.461727E.00 -3.14427E00 0.0 0.0 0. 29685 -01 -0.434955E-01 0.369744E+00 0.0 -0.1263 726-0l 
0.060468EO0 -O.34179E+01 0.749920F+00
 
OWOITPY 0*004 370460 0476 SET
 
Si'3 073503E+01 IMP IA: C. 1053006+01 1l .0.3813000*01 0: 00 -. 490­0:0 K12 *0.0 021 0.0 ui 8:I624.03 Wd .8430 
A A0 B 0.262302E-02 CPLE * C.373786E-t 
CFC 0.13 4SE-02 0L$,SI 0.1013870-0l TTAS C.7025790-02 6ETA1 0.144595E02 
C0N * 0.34138 -03 OLSTN -0.274606E-Ot THTN. -0.404318E-01 RX - 0.512155E+07 
USE 0 16)51E+03 0U3Ec0 -C.S5215ce4oz 
OLSS - 0,100172E-01 TS$ = 0.699259E-02 TH21 - -C.885350E-03 
-- SOMARY TABLE ---*...
 
hX X'C VALL TWALL CFC CF BETA OLSTS OLSEN THTAS THYAN RX
 
10.3000E-01 0.139E+00 0.1"54( 4000.0 0.0 0.0 0.0 0.0 0.0 00 0.
 
2 0.20004-01 0.1087E01 0 115E00 0.2364E-02 0.4651E-03 '0.11138+02 0.2566E--03 0.4043E-03 2406-03 0.0601-03
30,30004-01 0.1198E+JL 0.4960E-01 0.2572E-02 0.2424E-03 D.5386E01 0.35031P-03 0.6075E-03 0 3 0.24560-03 0.7053E+05 
4 0.450-01 0.1304E491 0.3924P-010 0.e2S-C2 C.1496-03 0.2326E+01 0.4752F-03 0.9753E-03 0.2747E-03 0.3902E-03 0.1469E+06 
50.600a- 0.0001 0.20391-Ct 0.29 730-02 0.53876-04 0.1036E 01 0.5866-03 0.1379E-02 0.3584E-03 0.!433S-03 0.2203E06 
60.75306-00 0*85601 0.903 06-0 0.30586-07 0.2 0361-04 0.40051E00 0.6978F-03 0.1849E-32 0.4423E-03 0.6963E-03 0.3122 +06 
4 
.8277603 0. 95891!:03' 0.4749+0 
90.20E0+00 0.874+00-0.347E-C 0.2SE-07-0.59OE-04-0.1346E01 0.1571E-'02 0.9382E-02 0.1079E-02-.1331E-02 O.LO51E*0 
00 0.2503E00 0.2040EO-O.3945E-01 0.3031E-O-G.54S9E-G4-0.038E 01 0.18901-02 0.14466-01 0.1330E-02-0.6092E-02 0.1352E+07 
8 8:AO88188 0,:10408C+01-0.30474l-00 0. 30444E-.02:0.5330 ErO -O. 1003b0 1o0.023-102 0.:543660 
0.00006+00 0.21779*31-03930 -01 0.30260-0 -0o5CC34-04-0.9472000 0.720--02 -01 -0 0 Of73-00.209? 0.01503 0. 153E+07 
05006*00 0:?79+0 038660 0.2S00-33402E--.R.B36t00 0.25610-02 0.29857J-010 0881-07-03190-0 0.195410 
13 0.4000O400 O.23O401- O. C2 -0 0.29526-02-0.4250-0,-08249E+00 0.2a95E- 0.41726-01 0.2100E-G2-0.6420-01 0.2256E+07 
14 0.1500+00 0.2467E01-0.370-16E- 0.2911E-03-0.3926-04-0.TT274+00 0.322&E-02 0.9736E-01 0.Z3536-02-002096E+00 0.25575+07 
05 0.50026400 0.21510+00-0. 36360-010.21676-08-.36526-C4-0.7275E00 0.3569E-02 0.7971E-31 0.2618-C--0. 2766+00 0.28571+07 
" 1 +8 z E -Ol-O34CTE- 92E O0 0.3glzE-O Z 0.1104E o 0 O2861E--O23E0 035E07c .01 -.0.5500E+0o0.2.19E.01-O 54-0 -0.6940061  6060 .190- .55 0.66~01-0. 34704 0.910.201000 .60-02-0.42366+00 0.31554*07 
17 0.6000E+00 0.2691E+01-0.3450E-01 0.+278E-02-O.3169E-04-a.65E6+-00 0.4256E-02 O.15086-00 0314TE-02-.772TE+00,.34SE+708 0.65OOE+00 0.271!301-0.7361E-0O 0.7 45F-02-O.Z9A9404-0.195*00 0.4604E-02 0.2001E+00 0.34126-02-0.1285E+01 0.3745E+07 
09070600 0.82 6801-0 . AF9-01 0.26920-0028074-219 040.5975600. 0.493560-02 0.2740'.00 0.36620-C2-0:. 'R30'0 .'036*0720 0.75001,00 0.20*24+01--0.16-01 0.24524-02-0.2723 -04+-0.50636*00 0.5316-02 0.463400 0.3958-2-0. 4710+01 8.4323107 
21 0.00011E+00 3.2906E001E-.32670-Cl 0.258- 02-1.26tZE-04-0.59E+00 0.5709E-02 0.1353E0l O.4256E-02-0.5414E*02 0.4605E+07.64004  .  20+ -0.28 5 -00 .25221-02- . 2046-04-0.06*00636-2.04O 0.52-20376B2047100.93006*00 . 29~66+01-C. 17540-02 0.4"02.5000 55+006631 -02.9416-30 0.49472- 0.20506+00 0.50264+07 
2+ 0.94006+00 0.25504+01 0.06311E*CO0.20926-02 0.11581-03 0.30646*01 0.74556-02-0.95226-01 0.54356-02-0.27090+000. 53236+07 





This test case represents the most general case that can be calculated by
 
the program: the wing plan form is arbitrary, the wing has twist, and the
 
pressure distribution isfrom experimental data. The wing selected for this
 
case has a planform and dimensions similar to that given in figure 4-6f refer­
ence 8 except that its trailing edge is straight, as shown in figure 17 of
 
reference 1. Also, inour coordinate system the wing root is at y = 30 inches,
 
corresponding to the z = 0 degree plane inreference 8. The wing has a
 
220.42-inch root chord, 40-inch tip chord (which isat 9 280 inches).
= The
 
6-degree twist was generated by a linear variation of the trailing-edge height
 
over the iy-plane, the leading edge of the wing remained on the xy-plane dver
 
its entire length. Thickness distribution was generated by supercritical air­
foils of 12.38-percent thickness at the root, and 9.24-percent thickness at
 
the tip, and with a parabolic variation in between. The airfoil coordinates
 
were generated by a separate program and then fed into the geometry program.
 
The calculations were made for the upper surface at Mach numbers of M = 0.5
 
and M = 0.99, with the experimental pressure distribution given inreference 8
 
as Table 111-230 and Tabl'e 111-28, respectively. The unit Reynolds number in
 
both cases was 1.5 x 106/foot and transition was assumed to be at x/c = 0.0.
 
The inviscid velocity components were obtained from the velocity program by
 
the procedure dscribed inAppendix A of reference 1. Since the experimental
 
pressure distribution does not extend over the entire chord-length, boundary­
layercalculations were started at. x/c = .0.025 and continued up to x/c = 0.975.
 
The spanwise extent of calculations isfrom y = 30 inches to- y = 260 inches
 
and was again limited by the'available pressure measurements. Note that the
 
pressure distribution for the root section was obtained by extrapolating the
 
experimental data. In terms of the boundary-layer coordinate z, y = 30
 
ipches corresponds to z = 0 and y = 260 inches to z = 0.92, respectively. 
The input and output data for M = 0.99 and M = 0.50 are similar.: 
For this reason we only show the load sheets for M = 0.99. 
For this test case we present a sample of the load sheets for both
 
geometry and velocity programs as well as the boundary-layer program. The
 












31 5 M 1 14 15161 S1912 122 242 2e27%1,129P 
I . TITLE 




$INPUT IY = 14, NC 
= 24, NS = 29, IFLG = 0,NT = 4, IPUNCH = 1, SB = .0833333,
SP = 20.83333, RL = 1.0$ 
Card 3
 
1 ' i0 / F t '2i I ' 6 l9RI1931?8 2 7412 2127 9 I3I,3r,8 1 j3 
YI Y1 YI YI
 
, q~-, ,, 1401' ,,, 50. 0 6o0o 
,,I.
ttoP





8021-1415 1611 212 26278;;7 +1.1tIRPia1A31114567 F9 1819,C1412 
CX Cx Cx CX 




I I lt II 
47 
Card 5 
2345161 7 89 r 1 21 4 151618 191'c !122I21?4j2 26124434141 T{4n31111vjvi Re1 
CY CY CY j CY 
13, 1.,O1 ,1  3,51,. 01 , , ,L  4,0,.,10, ,1 ,1 1 4,5,..,0, ,1 , , 







i 7i 3 iI 3. 7 Ap 10 1112 1 14)5 1691,1819 212U7 24' 2627 a;, 213 141353N 
NP NN CL XLE ZLE 
23 300833333t0.0 0.00003 
213I 13 0 1.1 8 34134313, 0110 I 1I I I 1 I05.) 0105I53 
XTE ZTE 
,22,0,. 4,1,0,, , to I r 
Card 2 
XI X lil XI
 
1 , ,5,.,,9,4,0, 1 1, .,3,5 68,5 0,0,. 1,1I .3,568 9 
XI X1
 
1 ,51.1319,4,113 1,12,.,01,2,31 
Card 3
 
,1 314 5611 1 9 I0 t1ll2 51 1 6P1197 71 27 41242,27 92 T1 3 33113VJ.IF 1 if" 
ZI Zi : ZI ZI 
, 1,7 ,.,3,6,559 , -,4, ,3,3 ,.2 , ,.00,0,0,3 , 3,. .75,562 
ZI - Zi 
6 45484 , 8132452 
I 
48 





-FaFEETI. viP17 2l? "2241 671 t I i ? '415II6 ' pi' 27-11 9 / 
ITLE
 
SU P,-, UCRIT -, JM = - ,9L, ,11 _ L _ 
Card 2 
$INPUT IY = 7, NC = 21, NS = 29, IFLG = 1, FM = .99, AL = .0,SP = 20.8333, 
=
SB = .0833333, CR = 18.3684, .CT = 3.91667, N1 5$ 
Card 3
 
II 7114 61 11 361 71 9slinhIo 15 9 2 24A2 26 27282 1 I~1 25Y FIt 
YI Yi -_-Y I y 1 
,3,0,.*lot I I I,1 , 1 , 1 1 r ,1I ) 7, ,24 , 1 ,8,51.,9,6, 1I,3,4,.,41 
30. 37214 5.6 134.4
 




CX CX CX CX
 
,,0,.,0,5 0 I, ,,0 .0 2 5 , 0 0 5 , . ,1 0, , 5 
4143 lil 4 '1 ,51 .35 5 I6 I 
,0 1,.,2, , , , , 0, ,.,2 15, , , ,_, 
49 
Card 5 
Y1'1p 11 4 61 181 i40 InIIOCY 2 I 4F1H It 1 isI .C¥ CY CY 
.0, ,35,.,0, 1 1 14,01.,0, 1 415,.0, , 
CY CY 
50.0 





I!o 7A 1 1[1 1 'IFInI 12 11411516 11mf19 127 It2278P . 1,13 1d151X IX I XI XI
 
O0025 01 .5 1 I 10111 1011111 0,15 1111 
wI XI 
J xJ9JJ 10.1 IA0.,2,0 , ,1 1 0,.,2151 1 , , , 
Card 3
 
P2 P 9 10 113J1I1 15 165111 2 1217 A12 2627 92 C 2333 
-0,.,l ,2,5 , , 2-0-, ., 1 ,6;6 , , 1 -,0.,2A,1 ,,, , -P I. 2 9 . . 3j-j9 
p p 
-0.34 -0.38 
I II II 
50 




1~23 14 1 111124161 71 7191 0 IA15 16 11 18a!19 2Il2122HI 24 2 i P2 tI33 3 63 3 T.d 
TITLE
SUPER CIRIITIICAIL I WIINIGI I MIAC H NO, = 0 9 9 
Card 2
 
$NAME.NXSTRT = 1, NZSTRT = 29, NXT = 21, NZT = 1, NTR = 3, IFLOW = 
2,

ICHORD = 1, ICMP = 2, ISPAN = 1, IFPRNT = T, VGP = 1.26, DETA(1) = .05,
ITMAX = 10, EPS = 1.OE-04, IPZ = 4, IPX = 4, EPSV = .1,EPST = .$ 
Card 3
 
5 011 IIA15 I?,]IM M
,.1 ,24 76712:10 lk:,I133,JI 
TFRS IJFRS or CMFRS FRS
 
AJ-LOII E___O_ I F PL97Ih1 188il +_~ 



















































VELOCITY t.1ST' IBJTILN (FT/SPCO ).-
Xb 
0.2240 11F+00 











0 . 1.10403F f01 
0 . I15428Y+ClIv07f+ 01 
0. 121323E+10. 1 2,f(- 10E +uJ 1 
0 . 13181 2I+uJI 0. 136C44 +.-1 
0.1 42023+01 Q. 1470f3+J1 
0.152077F-+01 










0. 	10472F +010.110403F01 
0.1 159281E+01 
0. 121 S E+3I 
0. 1261O+-)1
0. I I1l12 +JL 
0. 13441v +01 
0. 142023F-+)1




0.101 814E +4 -C.343258L-12 
0. I034,BF+O4 -0.652243E-12 
J. 16S83E+04 -0.1 42434E-1 1
0.10'd809E+04 -0.192607E-I 
0.1 12269E+04 -0.211 115E-11 
0.11425rE+34 -u.261288E-11
 
3. I1004E +t4 -0.273111-11 
0.115254F+04 -C. 2 1Th149E-1 I 
0. 114,54F+04 -6.2 12335&- 1 
J. I I3SOAF +0i. -0.2592 3/F-I I 
O. 	112517r+04 
0. 11 1:)36F +04 
0. 
0. 	107029E +0 
. 1;)53 13F +0jl 
. 1.3980+4 
0. iOL[t3lE+Oz 





0. 	 106S'2 7E+04 
C. I I0'26E+u'/
114 3;,4P +040. 1 170T30E+0' 
0. 	1 Id uF 04 
-C.2)9854E-1
-0. 219056-E1 i 
-0. 19113L-1 1 
-C. I2157&-11
- 0. 137 72 71-11 
-6. 5 , -1c -i2]<




-C. 51902J.F -12 
-0.2336'37+00 
-0. 257529 +02 
- C. 45047-iE+02 
-0.573850+02 
- C. 65U75E+02 








0. 10587E +04 
O. OloQE+04 
0. 106 0F+0't 
O.I 054U9c+04 
0.I34 963E+0,r
0. 1 )5562E +J4 
0. 106$? IF +04 
'1 . 1U7978F f't 
-0.104 926E+ 04 
- 0. f 76700E+02 
-0.63 1385Fs+02 











-o. 12)1 )) +02 
52 
*"4 INPUT WING EOM ETPY -' 
NZ NX HI H2 KI KZ KLZ 
I I 0.44000E+01 0.84560E+02 9.51690E+OO,-0.33830F-02-0. I835OE+OJ
 
1 2 0.58680E+01 0.82890E+32 0. ,)50OF+'D-0.49o20F-0?-3. L[716OE+00 
1 3 0.80490E+01 0.7'5600E+02 0.48240l-(1-0.65760F-)2-0. 72OE-01 
1 4 0.96900E+01 0.76230E+02 0. 15470f-0l-0. 17712E-2-.4725JE-0l 
1 5 0.11020E+2 0.72910F.+O? 0.62650E-02-0. 8tc,80E-02-0.473/06-0l
1 6 Q. 12150E+02 0.69600E+02 0.353901-02-0. S5650E-02--0.52340E--01 
1 7 0.13120E+02 0.66300E+,2 0. 17860E-02-0. 1440F'-Ol-u.543i0E-01 
1 8 0.13960E+02 0.(,3020E-+02 0.13 tOOE-02-'. 11360-0.58260F-1 
1 9 0,. 14700E+02 0.597o02+02 0. 76300EH-03-0. 1238(J-0L-0.6125E-0l 
I i) 0.1535)E+02 0.56520F+02 O.L340E3-0-0. 1346JF-01-0.65201--01 
1 11 0.15920E+62 0.533102+fl2 0.3,3:30F-03-0.14630E-01-O.693hOE-01 
1 12 0.lb420E+02 3.50L3013+02 0.31701E-03-0. 1Sd70E-l1-0.74230E-01 
1 13 0 . 16860E+02 0.4i6090E+02 0.14190E-03-,).17150E-01-0. 7-323F-01 
'1 14 0.17240F+02 0.43910E+02 0.1123F-04-O.1842CF-0l-O.85330E-0 
1 15 u.17570E+02 0.408c0Et02-0.32200E-03-C. 19570Z-01-0. 91900-01 
1 16 0.17850E+02 0.37Y30E+02-0. 723GE-3-0.20400E-01-0.99430E-01 
1 17 0.18090F+02 0.35070E+02-0.12790E-02-0.20550E-01-0. 107703+0U 
I [it0.18290E+02 0.32J40E+02-0.171007L-02-6. 19500&-0]-0.1L6POE+00 
1 19 0.16450E+02 0.29750E+02-0. 17420E-02-'3.!62'E-JI-U. 12630E+00 
1 20 0.18550E+U2 0.27340E+02-0.11790E-02-0. Il05OF-01-0.1?lOE+00 
1 21 0.18570E+02 0.26300E+02-0.30370F--03-0.60440F-32-U.1371OF.+00 
2 1 0.4(0740E+01 0.80533F+)2 0.5461OF+3O-.4085u--J2-0. 19IlOE+0O 
2 2 0.54370F+01 0.7,30OE+02 0. lqmlCF+C]-0. 5891r-02-O. t79i01+0,)
2 3 0. (4600E+0 I 0.7586OE+OZ 0.4S640L- . 760.)f-0-j.6' Y E-3I 
2 4 0.89810E+01 0. 72750F+02 0.1 5f80F-0I-0. g0010F-)2-u.5157E-01 
2 5 0.10220E+02 0.69640F+02 0.64190F-02-0. II:-0L-0.52Lg0E-iI 
2 6 0.11260E+02 0.66950E+02 0.36700E-02--0o.1060'--01-0.56390F-0I 
2 / 0.12160E+02 0.63470Ef+02 0.184301-02-0.1192uF-01-0.W)20-O1
2 8 0.12940E+02 0.0400E+02 0.13800E-02-0. L2930F-0l-0.630 [06-ol
2 9 0.136203+02 0.5736CE+02 0. 78130E-')3-0. 140'0F-01-0.6oO40E-OI 
2 10 0.1422JE+02 0.543+0E+02 0.65240F-1)3-0. 15150-31-0. 7u2801E-0 
2 11 0.14750+02 ').51340E+02 0.3&590F-03-0. 16360F-01-0.74250E­
2 12 0.15220E+02 0.48390E+02 0.32160F-C3-0. 1764F-S-i. T130E-)l 
2 13 0.15620F+02 0.45460E+02 0.13610E-03-0. 18920F-01-0.841b03-1 
2 14 0.15980E+02 0.42590F+32 0.26390E-25-.20170L-0L-0. 0090E-01 
2 15 0. 162804+02 O.397830E+02-0.348103E-3-0.21220F-01-0.965)01-01 
2 16 0.1654UF+02 0.37040-E+O2-.780OF-3-0.21890E-3l-0.lO3dOE+OU 
2 17 0.L6770E+02 0.34390E+C2-0. 138200[-02-0.21790E-01-0.11170E+0J
2 18 0. 169SOFt02 0.3lqS5E+02-0. 1889*- )2-0.20420E-01-0. 12040E+03 
2 19 0.17190E+02 0.2946OE+92-0.2)080E-02-. 168105-01-0.12q30E+O0 
2 20 0.17190E+02 0.27250F+02-0. 14670F-C2-0. L1260E-OL-0. 13'501E+0J 
2 21 0.17220E +02 0.262301-+02-0. 527CF-03-C. £0880E-02-0. 139 T0E+uO 
53 
K21 THETA 	 SI PHOE CMUE
 
0.16341tt 10 U.4IIOF+00 U.,) 0.43614E-03 0.29071E-060.1)10JE+)U I .3527:+0 .,t799JE+00 0.42793E-03 0.28885E-060.5 44csuE-01 .$0105+.uj.14u83[+0L 	 0.28500E-060 	 0.4113IE-030.45020F-0 1 0.29t'3OE+Ou 0.232931-t01 0.39685E-03 0.28155E-063.45530[-01 0.2(;9 5OF+00 0.62473E+01 0.38463E-03 0.27856E-060.49650F-01 0.3100E[:+ O 0.'41663F+01 0.37475F-03 0.27609E-06
u.5130F-)i 0.3235FE+00 0.i0833E+01 0.3701E-03 0.27514E-060.5479j F-J 0.,)j'qF 4-00 0.o'>0023E +0 ').36977E-03 0.27483E-060.5717) F-01 0.3571s0L+00 G.6,9203E+O1 0.37176E-03 0.27533E-06
,).bU57,)E-dU1 0. 37hOL+'J u.78 -AJE+ i 0.37648E-03 0.27653E-060..5350F-01 0. 0O22OF+0) 6. 3l1D73.+Oi 0.333401E-03 0.21826F-060.6725CC- 1 0. rO"E+00 0. 	'7 53E +UI 0.3907bt-03 0.28007E-06J.T13P--0] .b+5'"t OF+JU 0. luS(SF+02 U. 40048E-03 0.28243E-060. 	74j301 -01 . 494tOF-+00 0. I1i15 E+02 0.O41059E-03 0.26483E-060.78780E-)1 0.534J0F+00 3.12435E+02 0.41894E-03 0.28678E-060.a276.)- 1 0.58 22)F+10 u. J3355E+02 3.42557E-03 0.28631E-06O.b6 L90-0i1 0 .t37'?F.+J 0.1427:)F+02 0.42957E-03 0.28922E-060. 	 o31IE-;)1 0.70330E+00 0. 15205F+02 0.42793E-03 0.23885E-06139040E-0l 0. 7 L170+uO '.It25F+02 0.41965E-03 0.286941E-06
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The printout of the boundary-layer program is shown below for a few repre­
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A 15-percent-scale lightweight fighter-type inlet-forebody was tested
 
in the Ames 14-foot Transonic Wind Tunnel at Mach numbers of 0.7, 0.9, and
 
1.04. The inlet was a two-dimensional horizontal-ramp system designed for
 
a Mach number of 2.2. Four inlet devices designed to prevent or delay
 
cowl-lip boundary-layer separation or to improve the inlet.internal flow
 
characteristics at high angles of attack were investigated. The devices
 
used to control cowl-lip separation consisted of cowl leading-edge flaps,

slotted flaps; and tangential blowing. To improve the internal flow
 
characteristics, discrete jet-nozzle flows were directed downstream and
 
parallel to the duct surface in the subsonic diffuser to energize the wall
 
boundary layer. The discrete jets used in the subsonic diffuser were also
 
tested in combination with each of the cowl leading-edge devices. The
 
Reynolds number was about 11.9 x 106 per meter (3.9 x 106 per foot) for
 
all Mach numbers. Angle of attack ranged from 0' to 560 and angle of side­
slip from 00 to 150. Test measurements included engine-face total pressure
 
recovery, steady state distortion, dynamic distortion, duct boundary-layer

profiles, and duct-surface static pressures. This report includes only
 






Aerodynamic design and control improvements have resulted in expanded
 
stable-maneuver-envelopes for tactical aircraft. This type of aircraft
 
requires advanced inlet concepts to provide good pressure recovery and
 
low flow distortion to maintain continuous high thrust levels and prevent
 
engine stall during severe maneuvers.
 
The purpose of this investigation was to evaluate the performance
 
.characteristics of selected inlet devices designed to prevent or delay cowl­
lip boundary-layer separation or to control the inlet-duct flow properties
 
so as to obtain maximum inlet pressure recovery and minimum flow distortion
 
during severe transonic maneuvering. Four such devices were tested. Three
 
* Project Engineer, ARO, Inc., Moffett Field, Calif. 94035 
of these devices were derived from wing leading-edge high-lift devices and
 
consisted of cowl leading-edge flaps, slotted flaps, and tangential blowing.
 
The fourth device consisted of discrete jet-nozzle flow directed downstream
 
and parallel to the duct'surface in the subsonic diffuset so as to energize

the wall boundary-layer. This fourth device was also tested in combination
 
with each of the cowl leading-edge devices.
 
The test pr6gram~which was a cooperative effort between NASA Ames and
 
General Dynamics, Fort Worth Division,was conducted in the Ames 14-Foot
 
Transonic Wind Tunnel at Mach numbers of 0.7, 0.9, and 1.04. Angle of
 
attack ranged from 00 to 560 and angle of sideslip from 00 to 150. The
 
Reynolds number was essentially constant and equal to 11.9 x-10 per meter
 
(3.9 x 106 per foot) for all Mach numbers. Test measurements included,

engine-face total-pressure recovery, steady state distortion, dynamic





ALPHA, a angle of attack of model reference axis, deg 
(AN/NSGRPT)MAX maximum normalized Fourier coefficient parameter for 
ring 1 through ring 5,respectively 
AO/AI capture area ratio 
BETA, 8 angle of sideslip of model referenceaxis, deg 
CFabb compressor face total pressure ratios, 
compressor pressure a = ring number, bb = rake number 
PT 
CONF configuration code number 
CMUL actual combined lip and diffuser blowing momentum 
coefficient 
CMUO theoretical combined lip and diffuser blowing 
momentum coefficient 
CMUxL actual isolated blowing momentum coefficient, x - 1 = 
cowl lip, 2 = diffuser 
CMUxO theoretical isolated blowing momentum coefficient, 




DS splitter diameter, calculated size of high compressor 
region, 1 
D2 maximum compressor distortion, max. CFabb - min CFa~b 
PT 
DXl normalized KA2 
DX2 normalized KC2 
FLAP/SLAT angle of cowl lip flap or slat relative to model 
reference axis, positive downward, deg 
GXI prediction of instantaneous DXI 
ID engine/inlet stability index 
IDCy compressor circumferential distortion index, 
y = compressor total-pressure ring number 
IDCHUB hub circumferential distortion index, IDCl + ID2 
2 
IDCMAX larger of IDCHUB and TIP 
IDCTIP tip circumferential distortion index, IDC4 + IDC5 
2 
IDRMAX larger of IDR4 and IDR5 
IDRy compressor radial distortion index, y = compressor 
total pressure-ring number 
KA2 combined circumferential and radial distortion index' 
KC2 high compressor distortion parameter 
KRA2 fan radial distortion parameter 
KTHETA fan circumferential distortion parameter 
KTHETAS fan-circumferential distortion for rings with 
diameter < DS 
MACH, M free-stream Mach number 




P 	 free-stream static pressure, psf
 
PAl 	 lip blowing plenum pressure, psia
 
PA2 	 diffuser blowing plenum pressure, psia
 
PDcdd duct wall static pressure ratios, duct pressure
 
c - 1 = upper wall, 2 = lower wall PT
 
dd = tap number
 














PREF 	 Kulita and scanivalve reference pressure, psf
 
PT 	 free'stream total pressure, psf
 




PT2 average compressor face total pressure, psf
 








P3 	 average throat plug exit pressure, psf
 
P30e throat plug exit pressure ratios, e = tap number, 
exit pressure 
PT 
PTRMS average compressor RMS total pressure ratio,
 




Q 	 free-stream dynamic pressure, psf
 
QI/PT2 	 ratio of average inlet dynamic pressure to average
 





Rfgg duct boundary-rake total pressure ratios, f = rake 
number, gg = probe number, rake pressure 
PT 
RN/FT Reynolds number, millions/ft 
RUN run number. 
SEQ data sequence number 
SPFh forebody static pressure ratios, h : tap number, 
forebody pressure 
PT 
THETA circumferential extent of distortion for ring 1 thru 
5,respectively 
TN tunnel, 14 = Ames 14-Foot Transonic Wind Tunnel 
TR free-stream static temperature, OR 
TST test number 
TTR free-stream total temperature, OR 
VIAxL actual blowing velocity, ft/sec, x - = lip, 2 = 
diffuser 
VIAxO theoretical blowing, velocity, x - 1 = lip, 2 = 
diffuser 
WAx blowing air weight flow, lb/sec, x - 1 = lip, 2 
diffuser 
WC2 duct full scale corrected weight flow, lb/sec 





Shown in figure 1 is the 15-percent-scale pressure model installed in
 
the Ames 14-Foot Transonic Wind Tunnel. The model (fig. 2) consisted of
 
a removable forebody assembly, an underslung inlet and subsonic duct with
 
a simulated compressor face, and~a remotely controlled conicalzplug flow
 
meter. The forebody (fig. 3)was removed for isolated inlet testing. The
 
inlet (fig. 4)was a two-dimensional, horizontal-ramp system with a 6-degree

initial ramp angle. A section of the inlet cowl was removable,'allowing
 
incorporation of the three different leading-edge devices. The entire fore­
body and inlet assembly was mounted on a remotely actuated pitch/yaw mech­
- anism (fig. 5) which, in turn, was mounted on the wind tunnel model-support­
system. This combination provided a capability of 560 angle of attack and 
150 angle of sideslip. 
The inlet cowl leading-edge devices consisted of a flap (fig. 6)de­
flected 00, 30' or 500, a slotted flap (fig. 7) deflected-300, 45b or 600,.
 
and a tangential blowing slot (fig. 8). Diffuser wall blowing jets, which
 
were used independently and incombination with the leading-edge devices,
 
are described infigure 4. Itshould be noted that the drawings are to
 




Steady state pressure instrumentation in the inlet subsonic-diffuser
 
duct consisted of five total pressure boundary-layer rakes mounted down­
stream of the cowl-lip (fig. 9)and wall-static orifices on or near the
 
duct centerline on both the ramp and cowl surfaces as well as near each
 
rake location (fig. 10). Instrumentation at the simulated compressor face.
 
(fig. 11) consisted-of 40 steady state and 40 high-response total pressure

probes located on centroids of equal area. Kulite XDBL-093-25 pressure

transducers were used to make high response measurements at the compressor
 
face. A Kulite XCQ-093-25 pressure transducer mounted inthe nose of the
 
removable forebody was used to monitor the wind tunnel turbulence. Dynamic

data were recorded on the NASA Ames high-response data acquisition system

(ref. 1). All steady state pressures were measured with a multi-pressure
 




The variation of engine-face total pressure recovery and distortion
 
with inlet mass-flow ratio was established for each model configuration
 
and test condition. All runs were made at constant Mach number and model
 





 The number of data points for each 'model config­
uration and test condition varied from one to seven with at least one





For each data point, tunnel and model conditions were set and 45
 
seconds of dynamic data were recorded on the NASA Ames high-response data
 
acquisition system. 
Steady state data were then recorded.
 
Estimated uncertainties of the primary parameters, based on the accuracy





a= + 0.1 DEG. PT2/PT = + 0.005
 
S= ± 0.1 DEG. AO/AI = + 0.02 
M = ±0.005 
RESULTSAND DISCUSSION
 
The run schedule for the present investigation is shown in table 1

and a sample of the tabulated data is shown in the appendix. A complete
listing of the tabulated data is not presented in this report because of
the large volume required. The data are available from NASA Ames Research
 
Center, Moffett Field, California. Selected plots of the data are pre­
sented in figures 12 through 16.
 
For the isolated inlet, engine-face pressure recovery and steady state
distortion as functions of inlet capture-area ratio and the angle of attack
 
are presented for the basic cowl 
lip and each of the four inlet devices at
 
a Mach number of 0.9 only. All data are for a 
= V. Performance of the
inlet with the basic cowl lip is shown in figure 12 from a = 0 to 560.

Performance ismaintained up to a 
= 200 with a slight decrease in total
 
pressure recovery at a = 300 and progressively increasing losses at a = 400
 
and 6°. Engine-face distortion increases with decreasing pressure recovery.
 
A comparison of inlet performance between the basic cowl lip and

various cowl-lip flap deflections for inlet angles of attack of 300, 400,

and 56° is shown in figure 13. At a = 300 (fig. 13a), the 300 flap de­flection provides a small increase in total pressure recovery and little
 
change in distortion. The 500 flap deflection provides no increase in
 pressure recovery, and distortion at the lower capture-area ratios is in­
creased. At a = 
400 (fig. 13b) with a 30' flap deflection, large increases
in total pressure recovery are seen along with a decrease in distortion.
 
°
The 50° flap deflection at a = 40 also improves the inlet performance;
however, the increase in only about one-half of that achieved with the 30'




at the high capture-area ratios but increased at the lower values. At ­
a = 560 (fig. 13c) no data are available with the 300 flap deflection,
 
but a marked improvement in performance can be seen with the 500 flap

deflection. Approximately a 7% increase in total pressure-recovery is
 
achieved at the engine match point, An improvement in engine-face dis­
tortion is also realized.
 
A comparison of the inlet performance for the basic cowl lip and
 
slotted cowl flap is shown in figure 14 at a = 300, 400, and 560.. At
 
a = 300 (fig. 14a) there is a very small increase in total. pressure re­
covery with the slotted flap deflected 30' and no improvement in engine

face distortion. A slotted flap deflection of 450 provided no increase
 
in pressure recovery but did result in a slight improvement in distortion.
 
At a = 400 (fig. 14b) each position of the slotted flap (30', 45' and 600
 
deflection) improved the inlet total pressure recovery. The 300 deflec­
tion resulted in the greatest gain in performance and the 60°.deflection
 
the least. Generally, the engine face distortion was reduced with all
 
slotted flap deflections; however, an increase in distortion can be seen
 
at the lower capture-area ratios for the 60' slotted flap deflection. At
 
a = 
560 (fig. 14c) all slotted flap positions improved the inlet performance

significantly with the 600 deflection showing the greatest improvement and
 
the 300 deflection the least. In addition to significant increases in
 
total pressure recovery, the use of the slotted flap also resulted in a 0.05
 




The inlet performance achieved.with tangential blowing at the cowl
 
lip or discrete jet-nozzle blowing in the diffuser is compared to the basic
 
cowl lip data in figure 15 over the angle of attack range. Data are-shown
 
at the engine match point with maximum blowing only for each of-the devices.
 
The tangential blowing at'the cowl lip improves the total pressure recovery

from 1.0 to 2.5 percent and decreases the engine-face distortion through
 
most of the angle of attack range. The diffuser blowing provides slightly

better total pressure recovery than tangential lip blowing at the high





The effect of an aircraft forebody on the performance of the basic
 
inlet is shown in figure 16 from a = 00 to a = 400. No data for a = 56'
 
were available. At angles of attack of 0' (fig. 16a), 200 (fig. 16b), and
 
300 (fig. 16c), essentially no change in total pressure recovery or dis­
tortion was measured. At a = 400 (fig. 16d),'however, significant im­








The performance characteristics of four inlet devices(cowl-lip leading­
edge flaps, slotted flaps, tangential blowing and discrete jet-nozzles in
 
the subsonic diffuser)designed to prevent or delay cowl-lip boundary-layer

separation or to improve the inlet internal-flow characteristics at high

angles 	ofattack were-investigated at Mach numbers of 0.7, 0.9 and 1.04.
 
All of the inlet devices tested are capable'of improving inlet per­
formance at high angles of attack. However, parametric-studies of each
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Cowl flap, x flap angle, deg 
Plain cowl lip 
Blowing lip 
Cowl slotted flap (slat), x = flap angle, deg 
W Boundary layer rakes and diffusor blowing hardware installed in duct 
Config. 
Code Component Notation 
1 
B F30 F50 I 
x 
L S30 S45  S60 W 
x 
2 x X 












9 X X X 
10 X X X 





















TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
0.7 0 0 1 Wi air off air off 52s 8
t3 o 
f limits 
WC2 out of limits 
0 W2 at SEQ 38 
--B2 227 
WC2 out of limits 
10 0 W3 at SEQ 45 
WC2 out of limits 
15 W4 atSEQ 47 
WC2 out of limits 
20 W4 at SQ 49 
227 C1 
B2 I lair off 
25 0 
35 BI 
WC2 out of limits 
40 . W4 at SEO 66 
45 0 227 
56 B3 
30 0 C2 
56 C2 
56 140 air off 





TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF W02 PAl PA2 REMARKS 
23 0.9 15 0 1 'W6 air off air off 
24 20 6W5 air off 
25 20 227 C3 
28 0.9 30 0 1 W6 air off 
29 30 0 227 U2 
30 35 BI 227 air off 
31 40 0 W6 
32 45 227 
33 50 227 
34 56 W6 
35 227 C2 
36 10 air off 
37 15 C2 
38 35 15 C2 
.39 45 0 C6 
40 45 air off 
41 20 2 W5 air off 
42 -. 227 C5 
B2 air off 
44 25 0 air off 
13
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
45 0.9 35 B1 2 227 air off air off 
46 45 0 
47 50 
48 30 W6 
49 30 227 C5 
50 40 W6 air off 
51 40 227 C5 
52 45 W6 air off 
53 45 227 C5 
54 56 227 C5 
55 3 W6 air off 
56 227 C5 
57 50 air off 
58 45 
59 40 W6 
60 40 227 C5 
61 35 B 227 air off 
62 30 0 W6 air off 
63 30 227 C5 
64 25 227 air off 
65? W5 _air off 
66 20 227 C5 
14
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
67 0-O 20 B2 3 227 air off air off 
68 35 15 C5 
69 56 15 
70 0.7 56 0 
71 0.9 20 4 W5 air off 
72 227 C5 
73 B2 air off 
74 25 0 
75 30 W6 
76 30 227 C5 
77 35 BI 227 air off 
78 40 0 W6 air off 
79 40 227 C5 1 
80 45 air off 
81 50 
82 56 W6 
83 227 C5 
84 15 C6 
85 35 15 C6 
86 56 0 5 W6 air off 
87 . 56 227 C5 
88 50 227 air off 
15
 
TABLE J. - Continued.
 
RlL M ALPHA BETA CONF WC2 PAL 
PA2 REMARKS 
89 0.9 45 0 5 227 air off air off 
90 40 W6 
air off 
91 40 227 
C6 
92 35 BI 227 air off 
93 30 0 W6 air off 
94 30 - 227 C6 
95 56 6 W6 air off 
96 56 227 C5 
97 50 air off 
99 40 W6 
100 40 227 C5 
101 35 air off 
102 0.7 56 C7 
103 50 air off 
104 45 air off 
105 40 7 
106 0.9 0 7 W5 air off 
IQ 0 15 227 
108 10 0 
iio 20 W5 
16
 
TABLE 1. - Continued.
 
RUN aL ALPHA WC2 PAl PA2 . REMA.. 
iii 0.9 20 0 7 97 Lj air off 
112 B2 air off 
113 15 L2 
114 125 0 L3 
Regulator leakage PA2 
22,SEQ 657-663 
115 30 W6 air off 
116 30 227 LA 
egulator leakage
A2z1R SEQ 668&669 
117 35 
-_L$L_ 
118 B2 lair off 
119 15 L5 
120 15 67 C7 
121 30 0 50 ¢6 
122 40 W6 air off air off 
Re ulat 
123 40 227 L4 PAPt19 Q 
124 45 Lf6 1 
125 50 L6 
126 56 L7 
127 67 C6 
128 136 C6 
129 TECTLr A7 air off 4C2=215,200,182 
130 187 136 
131 45 227 SELECT 
PAl air off,67,136 
132 45 215 67 
17
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 




137 SELECT 102 240 
wC2=228,214,203 
138 50 227 L8 air off 
139 212 
140 203 
141 0.7 40 219 
11.9 1 213 
143 204 
144 SELECT 102 240 WC2=204,213 
145 0.9 56 8 227 L8 air off 
146 56 204 
147 50 227 





153 1.04 35 





TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
0.9 35 0 8 227 L8 air 
off 
156 30 8 227 air off 
157 56 9 W6 
158 56 227 CIO 
159 50 C7 
160 45 air off 
161 40 W6 air off 
162 40 227 C0 
163 35 air off 
164 30 C7 
165 25 air off 
166 20 W6 air off 
.167 227 CI0 
168 B2 air off 
169 15 240 
170 35 B2 air off 
171 35 15 C10 
172 1.01 56 0 C7 
173 0.7 56 
174 50 
175 40 




TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
177 0.9 56 0 10 227 air off C10 
178 50 C7' 
179 45 air off 
180 40 W6 air off 
181 40 227 C1O 
182 35 air off 
183 30 C7 
184 25 1 air off 
185 20 1 W6 air off 
186 20 227 CO 
187 0.7 50 3 C7 
188 -45 air off 
189 40 - W6 air off 
190 40 W6 CO 
191 35 227 air off 
192 30 C7 
193 25 air off 
194 20 W6 air off 
195 20 227 CIO 
196 35 15 C7 
197 35 B4 air offl 
198 56 B4 air off 
20
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
199 0.7 56 15 3 227 air off CI0 
200 45 15 C7 
201 45 B2 air off 
202 56 0 240 
203 56 2 C7 
204 50 C7 
205 45 air off 
206 40 C7 
207 35 air off 
208 30 C7 
209 25 air off 
210 20 C7 
211 45 15 C7 
212 45 B2 air offl 
213 56 Bl air off 
214 56 15 CI0 
215 35 15 C7 
216 35 B5 ar off 
217 0.9 56 0 air off 
218 0.9 15 SELECT PA2=air off,10 
2 0 5 C7 




TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
221 0.7 45 0 5 227 air off air off 
222 40 7 
223 35 air off 
224 30 C7 
225 25 air off 
226 20 C7 
227 15 07 
228 B4 air off 
229 56 B4 air off 
232 0.7 45 B4 5 227 air off air off 
233 50 0 4 C7 
234 45 air off 
235 40 C7 
236 35 air'off 
237 30 C7 
238 56 C7 
239 25 air off 
240 20 C7 
241 45 15 C7 




TABLE 1. - Continued. 
RUN M ALPHA BETA CONF WC2 PAL PA2 REMARKS 
243 0.9 0 0 1 W5 air off air off 
244 5 W7 
245 10 
246 15 
247 5 0 




252 Al 0 235 
For 2nd point of run 
IBETA =5 
253 20 5 W7 
254 20 10 W7 
255 0 0 11 W5 
256 0 B2 227 
257 10 0 W6 
258 15 W6 
259 20 W5 
260 B2 227 
261 0 C0 
262 25 air.off 
263 30 W6 air off 
264 30 227 CI0 
23
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
265 0.9 35 Bi 11 227 air of air off 
266 40 0 W6 air off 
267 40 227 C10 
268 ,45 air ofJ 
269 50 B6 
270 56 
271 56 240 
272 50 
273 0.7 A2 0 
274 A3 15 
275 A4 0 air off 
276 56 B4 
277 45 B2 
278 35 
279 20 
280 0.9 0 0 12 W5 
281 B2 227 
282 B2 235 
283 5, 0 W7 
284 10 0 W5 
285 B2 227 
286 B1 235 
24
 
TABLE 1. - Continued.
 
RUN M ALPHA BETA CONF WC2 PAl PA2 REMARKS 
287 0.9 15 0 12 W7 air off air off 
288 20 0 W5 
289 B2 227 
290 B2 235 
291 25 0 W7 
292 30 0 W5 
293 B2 227 
294 B2 235 
295 35 0 WT 
296 35 5 W7 
297 40 0 W6 
298 45 Bl 227 
299 50 0 W6 
300 56 0 W6 
301 56 B2 227 
302 0 0 W3 
303 0 B2 227 
304 5 0 227 
305 10 0 W3 
306 10 B2 227 
307 15 0 227 
308 20 0 W3 
25
 
TABLE 1. - Concluded. 
RUN M ALP[A BETA CONF WC2 * PAl PA2 RFMARKS 
309 0.9 5 B2 12 227 air off air off 
310 25 0 227 
311 30 0 w3 
312 30 B2 227 
313 0.7 0 0 
314' 0 B2 
315 5 R 7 
316 10 0 
317 10 B2 
318 15 0 
319 20 0 
320 5 B4 • 
321 20 B2 
322 25 0 
1323 30 0 
'324 30 B2 
325 35 B7 
326 40 0 
327 40 B2 
328 45 B6 
329 50 0 
330 56 0 
331 56 5 
26
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15 	 Performance of isolated inlet with tangential blowing 47
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Figure-2. - General arrangement of 15 percent scale inlet model.
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Figure 3. - Model forebody. 
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Figure 5.- Representative test setups.
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Basic cowl 	 00
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Figure 6.- Inlet cowl leading-edge flap.
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Figure 9.- Static-pressure orifice locations in subsonic diffuser.
 
Static orifice locations 
Ramp ,.. - Cowl 
orifice no. Fuselage station, cm orifice no. Fuselage station, cm 
D101 53.34 D201 62.23 
D102 60.96 D202 63.37 
D103 63.50 D203 65.41 
D104 66.04 D204 66.04 
D0105' 69.85 D205 69.22 
D106 74.93 D206 69.22 
D107 80.01, D207 69.85 
D108 86.36 D208 74.93 
D109 96.52 D209 80.01 
D110 114.30 D210 86.36 
Dlll 133.35 D211 . 96.52 
D212 114.30 
D213 133.35 
(b) Static orifice locations. 








54 -1 6.99 
5.08 







Rake Rake Rake Rake Rake Height, 
RlP R2 R3 R4 R5 eh 
Station 62.23 Station 65.41 Station 69.22 Station 69.22 Station 86.36 cm 
R101 R201 R301 R401 R501 0.046 
R102 R202 R402R302 R502 0.173
 
R103 R203 R303 R403 R503 0.351
 
RIO4 R204 
 R304 R404 R504 0.579
 
RI05 R205 R305 
 R405 R505 0.884 
Rlo6 R206 306 R406 R506 1.265 
- 207 R307 R407 R507 1.722
 
R208 R308 R408 R508 2.256 
- R309 R409 R509 2.967 
- R310 R410 R510 3.805 




Steady-state probe High-response probe(0.14 dim) 1 (0.,236 diam) 




Rake Note: All dimensions are 
5 in centimeters 
Instrumentation plane; Model station 136.48
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.90 9 45 Slotted flap 
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Figure 15.- Performance of isolated inlet with tangential blowing cowl slot 
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O Isolated inlet 
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(b) c = 200 
Figure 16.- Continued. 
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CONF MACH Q PT P 7 TTR TR RN/FT ALPHA BETA PREF WC2 PT2/PT AO/AZ 62 PiRMS 'MYFLApSL'-AT 
1 0.901 *712.7 2125 1255 574.8 494.6 4.031 0.28 0.-l. 1418 244.0 0.9629 0.7660 0.1305 0.0000 0.856 0
 
GXL DX1 OX2 KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA DS KTHETAS
 
0.0000 0.2735 0.0520 0.1914 0.0765 0.1893 112.4 
 0.1884 0.0517 36.48 0.0517
 
(AN/NSORPTIMAX - RINGi RING2 RING3 RING4 RING5 THETA- - RINGI RING2 RING3 RING4 
 RING..
 
o.b39 0;0097 0.0141 0.0113 0.0125 82.83 99.89 P7.51 121.6 -08.8
 
ID IDCMAX IORMAX IDl IOC2 10C3 IDC4 IDC5 IOCHUB IDCTIP IDRI IDR2 IDR3 IDR4 ItR5
 
0.8216 0.0391 0.0603 0.0131 0.0191 0.0262 0.0458 0.0323 0.0161 0.0391-0.0354-0.0261-0 0129 0.0141 0.0603
 
PAl/P PAl/POX hAl/W2 CMULO CMUIL VIAIO VIAIL 
 PAZ/P PA2/PDY WA2/W2 CMU20 CMU2L VIA2O ViAZL (WA1+WA2B/W2 CMUO CAUL 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.00000.0000 0.0000 OQo00 0.0000 0.0000 0.0000 
(PT2R/PT2)BASE - RING1' RING2 RING3 RING4 RINGS (PT2R/PT2)MEAS -
 RING1 RING2 RING3 -RING4 RING5
 
1.075 1.054 1.036 0.9373 0.8978 
 1.035 1.026 1.013 0.9859 0.9397
 
A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
 
CFIOI CF102 CFiO3 -CF104 CF105 CF106 CF107 CFIOB CF201 CF202 CF203 CF2G4 CF2O5 CF206 CF2O7 CFZOB
0.9989 0.9992 0P9844 0.9974 0.9994 0.9989 0.9988 0,9990-0,9936 0.9982 0.9896-0.9883 0.9915 0.9753 0.9695 0.9977
 
CF301 CF30Z CFBO3 CF304 CF305 CF306 CF307 CF308 CF401 CF402 CF403 CF404 C0F405 CF40& CF40T"'dFr'O-6 
0.9898 0.9780 0.9615 0.9824 0.9501 0.9646 0.9891 0.9868 0.9514 0.9325 0.9666 0.9541 0.9051 0.9425 0.9952 0.9464
 
CFS01 CFS2 CFSO3 CF504 CF505 CF506 CF507 CF508 
 PT1 SPF1 SPF2 SPF3 SPF4
 
0.9151 0.8956 0.9305 0.8953 0.8737 0.8898 0.9377 0.9010
 
RIO R102 - Ri0 R104 RIO5 RlO6 R201 R202 R203 R204 R205 R206 R207 R208
 
0.9993 0.9993 0.9993 0.9994 0.9983 0.9993 0.9954 0.9993 0.9995 
 0.9991 0.9985 0.9985 0.9985 0998 -...-

R301 R302 R303 R304 R305 R306 R307 R308 R309 R310 R401 R402 R403 R404 R405 
0.8866 0.9254 0.9248 0.9935 0.9991 0.9991 0.9992 0.9994 0.9988 0.9992 0.9202 0.9990 0.9976 0.9986 0.9985R406 R407 R408 R409 R410 RSO1 R502 R503 R504 RSd5 R506 R507 R508 R509 R5Th 
0.9992 0.9993 0.9996 0.9991 0.9992 0.8420 0.8646 0.9027 0.9435 0.9786 0.9986 0.9991 0.9986 0.9993
 
P301 P302 P303 P304 P305 P306 P307 P308 P3/PT2 PLOI P)102 PD103 PD104 PD105 P0106 PD1070.5701 0.5774 0.5809 0.5703 0.5678 0.5411 0.5567 0.5800 0.5899 0.6815 0.6745 0.6097 0.5706 0.6147 0.6883 0.7232 
PD108 P0109 PDIIO PDI1 PD201 P0202 PD203 P0204 PD205 P0206 PD207 P0208 P0209 P0210 P0211 P0212 P02130.7446 0.7686 0.8138 0.8219 0.7200 0.6621 0.6797 0.6540 0.6932 0.7248. 0.6799 0.7185 0.7240 0.7394 0.7456 0.7640 0.A121 






CONF MACH Q PT P TTR TR RN/FT ALPHA BETA PREF WC2 PT-2/PT AOVAI 02-- PTRMS MTH FLAP/SLA-T
 
1 0.901 713.1 2125 1255 574.7 5 . .,I8 0.13'1418 226.0 0.9689 0.7138 0.1086 0.0000 0.723 0
4 9 4 4 .0 3 2 r 

GXI DXI DX2 KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA DS KTHETAS
 
0.0000 0.6551 0.0222 0.5316 0.0326 0.2441 104.1 0.1611 0.0343 28.38 0.0305
 
IAN/NSQRPT)MAX - RINGI RING2 RING3 RING4 RING5 THETA- - RING1 RINGZ RING3 RING4 RING5
 
" 
0.0033 0.0044 0.0076 0.007'-0.006 '86.35 168.4. 101.6 0.0000 0.0000 
10 IDCMAX IDRMAX lOCI 10C2 IDC3 IbC4 IC5 IDCHUB IOCTIP IORI IDR2 IR3 10R4 IDR5
 
0.6522 0.0248 0.0504 0.0098 0.0061 0.0233 0.0230 0.0266 0.0080 0.0248-0.0296-0.0232-0.0112 0.0137 0.0504
 
PAL/P PAl/POX WAI/W2 CMUIO CtUIL VIAIO VIAlL P42/P.RA2/PDY WA2/W2 CMU2 CMU2L VIA20 VIA2L (WAI+WA2)/WZ CMUD CMUL
 
OO0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
 
(PTZR/PTZ)BASE - RING! RINGZ RING3 RING4 RING5 £PTZR/PT2)MEAS - - RINGI RINGZ RING3 RING4 RING-5 
1.074 1.054 1.036 0.9385 0.8980 1.030 1.023 1.011 0.9863 0.9496
 
A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
 
CFIO1 CF102 CFI03 CF1O4 .CF105 CF106 CF107 CF108 CFZOI CF2O2 CF203 CFZO4 CF205 CF206 CF207 CFZO"
 
0.9996 0.9993 0.9880 0.9970 0.9987 0.9992 0.9995 0.9993-0.9861 0.9977 0.9981-0.9894 0.9911 0.9858 0.9855 &9977
 
CF301 CF302 CF303 CF304 CF305 CF306 CF307 CF308 CF401 tF402 CF403 CF404 CF405 CF406 CF407 CF406
 
0.9762 0.9815 0.9906 0.9841 0.9571 0.9731 0.9851 0.9903 0.9334 0.9426 0.9762 0.9648 0.9231 0.9537 0.9960 0.9556
 
CFSO1 CF502 CF503 CF504 CF505 CF506 CF507 CFSO8 PT1 SPFI SPF2 SPF3 SPF4
 
0.9084 0.9100 0.9519 0.9126 0.8944 0.9145 0.'9481 0.211
 
RIO R102 R103 R104 R105 R106 R201 R202 R203 R204 R205 R206 R207 R208
 
0.9992 0.9994 0.9993 0.9996 0.9988 0.9992 0.9§64 0.9993 6.998 0.9993 0.9987 0.9996 0.9992 0.9987
 
R301 R302 R303 R304 R305 R306 R307 R308 R309 R310 R401 R402 R403 R404 R405
 
0.9225 0.9504 0.9556 0.9976 0.9992 0.9994 0.9992 0.9998 0.9991 0.9990 0.9728 0.9994 0.9985 0.9993 0.980
 
R406 R407 R408 R409 R410 R501 R502 R503 R504 R505 R506 R507 R508 R509 R510
 
0.9995 0.9995 0.9997 0.9993 0.9995 0.8716 0.8897 0.9206 0.9582 0.9888 0.9992 0.9992 0.9986' 0.9995
 
P301 P302 P303 P304 P305 P306 P307 P308 P3/PT2 P1O01 PD102 P0103 PD104 PD105 P0106 PDI'07
 
0.5870 0.6054 0.6094 0.5950 0.5946 0.5658 0.5857 0.6067 0.6127 0.6918 0.7182 0.6838 0.6688 0.6940 0.7455 0.7719
 
P0108 PD109 PD110 PD111 PD201 PD202 P0203 PD204 P0205 PD206 PD207 PD208 P0209 PD210 PD211 PD212 P0213
 
0.7891 0.8064 0.8435 0.8488 0.7772 0.7359 0.7460 0.7334 0.7540 0.7808 0.7490 0.7713 0.7735 0.7831 0.7872 6.8194 0.8413
 






CONF MACH 0 PT P TTR TR RN/FT ALPHA BETA 'PREF WC2 T2/PT, AO/AI "D2. PTRM$- MTHFLAPISLAT
 
1 0.901 712.7 2125 1255 576.2 495.8 4.018 0.25 0.14 1417 
 206.4 0.9751 0.6563 ,0.0843'0.0000 0.617 0 
GXI OXi DX2 KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA DS KTHETAS
 
0.0000 0.1419 0.0175 0.1919 0.0257 0.0777 95.13 0.1324 0.0287 27.60 0.0218
 
IAN/NSORPT)HAX - RING! RING2 RING3 RING. RINGS THETA- - RINGI RING2 
 RING3..'RING4,RIfG5
 
0.0024 0.0020 0.0045 0.0061 0.0055 83.18 k52.3 90.63.'0.0066060000
 
ID IDCMAX IORMAX IDC1 IDC2 IDC3. IC4 IDC5 IDCHUB IOCTIP ITRI IDR2 iDR '' IDR4 IOR5
 
0.5373 0.0234 0.0402 0.0078 0.0102 0.0195 0.0275 0.0192 0.0090 0.0234-0.0235-0.0187-0.0085.0.,0104 O;.402 .
 
PAI/P-PAL/PDX WAI/W2 CHU1O CMUIL VIAIO VIAIL PA2/P PA2/PDY WA2/W2 CMU20 CMU2L VIA20 VIA2L 
 (WAI+WA2)lW2 CHUO CMUL
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0;0000 0. ,0000 0OO0 oo000 
(PT2R/PT2)ASE - RING! RING2 RING3 RING4 RING5 (PT2R/PT2)MEAS - RINGI RING2 .RING3 RING4 RING5''
 
1.027 1.029 1.022 0.9738 0.9463 1.023 1.019 1.008 0.9896 0.9598
 
A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
 
CF101 CF102 CF103 CFO4 CF105 CFI06 CF107 CF1OS CFZOI CF202 CF203 CF204. CF205,.CF206 CF20 CF208
0.9993 0.9993 0.9905 0.9982 0.9992 0.9992 0.9993 0.9993-0.9834 0.9986 0.9986-0.9925 0.9926 0.989-1 0.9929 0.9983 
CF301 CF302 CF303 CF304 CF305 CF306 CF307 CF308 CF401 CF402 CF403 cF4O4 CF405 CF406 CF401 tF40S' 
0.9716 0.9890 0.9911 0.9886 0.9644 0.9810 0.9868 0.9946 0.9382 0.9599 0.9801 0.9723 0.9421 0.9621 0.9966 0.9689 
CF501 CF502 CF503 CF504 CF5S05 CF506 CF507 CF508 PTL SPFI SPF2 SPF3 SPF4 
0.9190 0.9293 0.5618 0.9303 0.9172 0.9299 0.9617 0.9380 
RI1 R102 R103 R104 R1O5 R106 R201 R202 R203 R204- R205 R206 R207 R2O ' 
0.9993 0.9995 0.9994 0.9994 0.9984 0.9997 0.9979 0.9994 0.9993 0.9992 0.9990 0.9992 0O.988 0.9996 
R301 R302 R303 R304 R305 R306 R307 R308 R309 R310 R4OL R402 R403 R404 R405 
0.9425 0.9668 0.9738 0.9989 0.9996 0.9996 0.9995 0.9994 0.9988 0.9993 0.9850 0.9994 0.9592 0.9990 0.9987
 
R406 R407 R40B 
 R409 R410 R501 R502 R503 R504 R505 R506 R507 R508 R509 . R510"
 
0.9996 0.9996 0.9997 0.9991 0.9998 0.9035 0.9196 0,9465 0.9705 0.9935 0.9991 0.9988 0.9988 0.9993
 
P301 P30z P303 P304 P305 P306 P307 P308 P3/PT2 P0101 P0102 PD103 PD104 PD105 O0106 PD107
 
0.6068 0.6313 0.6382 0.6201 0.6226 0.5934 0.6126 0.6328 0.6355 0.7095 0.7624 0.7489 0.7442 0.7625 0.7994 0.8184
 
PD10 P0109 PD1IO P0I1 PD201 P0202 P0203 P0204 P0205 P0206 
P0207 P0208 P0209 P0210 PD211 PU212 PD21'
 
0.8316 0.8450 0.8732 0.8766 0.8300 0.7975 0.8019 0.7934 0.8088 0.8291 0.8059 0.8206 0.8206 0.8268 0.8293 0.8531 0.8721
 






CONF MACH Q PT P. TTR TR RN/FT ALPHA BETA PREF WC2 PT2/PT AO/AI D2 PTRMS MTH FLAP/SLAT
 
1 0.899 711.4 2124 1257 575.4 495.3 4 022 0.27 0.13 1418 186.5 0.9804 0.5963 0.0723 0.0000 0.530 0
 
GX1 OXI DXZ KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA 0S KTHETAS
 
0.0000 0.1271 0.0318 0.2861 0.0467 0.1010 85.95 0.1059 0.0307 26.86 0.0221
 
(Ah/NSQRPTIMAX - RINGI RING2 RING3 RING4 RING5 THETA- - RINGI RING2 RING3 RING4 RINGS
 
0.0019 0.0023 0.0029 0.0057 0.0048 81.49 85.11 78.26 0.0000 0.0000
 
ID IOCAX IDRMAX IDCI 1002 ID3 IDC4 IC5 IDCHU3 IDCTIP 'IORI 1DR2 IDR3 IDR4 IDR5
 
0.4380 0.0248 0.0305 0.0063 0.0158 0.0235 0.0332 0.0164 0.0111 0.0248-0.0187-0.0140-0.0057 0.0079 0.0305
 
PAI/P PAI/PDX WAI/W2 CMUIO CMUIL VIAIO VIAIL PA2/P PA2/PDY hA2/W2 CMU20 CMU2L VIA2O VIA2L (WAI+WA2)/W2 CMUO CML
 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
 
(PTZR/PT2)BASE - RINGI RING2 RING3 RING4 RING5 (PT2R/PT2)MEAS - RINGI RING2 RING3 RING4 RING5
 
1.022 1.025 1.021 0.9780 0.9545 1.019 1.014 1.006 0.9921 0.9695
 
A tINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
 
CFI01 CF102 CF103 CF104 CF105 CFI06 CFIO CFlO8 CF201 CF202 CF203 CF204 CF205 Cr206 CF207 CF208
 
0.9992 0.9998 0.9925 0.9989 0.9997 0.9993 0.9996 1.0002-0.9785 0.9998 0.9993-0.9943 0.9941 0.9922 0.9950 0.9992 
CFSOL CF302 CF303 CF304 CF305 CF306 CF307 CF308 CF401 CF402 CF403 CF404 CF405 CF406 CF407 CF408 
0.9629 0.9955 0.9929 0.9911 0.9733 0.9859 0.9897 0.9966 0.9401 0.9748 0.9857 0.97Q9 0.9527 0.9708 0.9973 0.9801 
CFSO CF502 CF503 CF504 CF505 CF506 CFSO7 CF508 PTI SPFI SPF2 SPF3 SPF4
 
0.9293 0.5493 0.9704 0.9471 0.9344 0.9450 0.9699 0.9584
 
R10 R102 -.R103 R104 R1O5 R106 R201 R202 R203 R204 R205 R206 R207 RP208 
0.9998 0.9999 0.9993 0.9997 0.9988 1.000 0.9984 1.000 0.9998 0.9993 0.9992 0.9999 0.9996 0.9995 
g301 R302 R303 R304 R305 R306 R307 R308 R309 R310 dR401 R402 R403 R404 R05 
0.9580 0.9781 0.9864 0.9992 0.9999 0.9992 0.9996 0.9999 0.9994 0.9997 0.9892 1.000 0.9997 0.9998 0.9987 
R4067 R408 R409 R410 R501 R502 R503 R504 R505 R506 R507 R508 R509 R510 ­
1.000 0.9992 0.9998 0.9993 1.000 0.9284-0.9417 0.9659 0.9818 0.9,72 0.9995 0.9993 0.9989 0.9991
 
P301 P302 P303 P304 P305 P306 P307 P308 P3/PT2 PO1 P0102 P0103 PD104 P0105 P0106 PD107
 
0.6258 0.6559 0.6630 0.6452 0.6483 0.6175 0.6372 0.6580 0.6567 0.7281 0.8048 0.8040 0.8044 0.8195 0.8463 0.8601
 
P0108 PD109 PD110 P0111 P0201 P0202 00203 PDZ04 P0205 PD206 P020T POP00 P0209 P0210 P0211 P0212 PD213
 
6.8698 0.8798 0.9006 0.9025 0.8762 0.8486 0.8469 0.8444 0.8549 0.8711 0.8532 0.8631 0.8623 0.8663 0.8676 0.8846 0.8997
 






CONE PACH 0 PT P TTR TR RN/FT ALPHA BETA PREF WC2 PT2/PT AO/A! D2 PTRMS MTH FLAP/SLAT
 
0.0575 0.0000 0.449 0
1 0.898 710.2 2124 1259 575.1 495.3 4.022 0.27 0.14 1418 164.7 0.9846 0.5291 

GXI OXi 0X2 KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA DS KTHETAS
 
0.0000 0.2622 0.0552 
1.0948 0.0812 0.2276 75.91 0.0804 0.0432 26.05 0.0378
 
(AN/NSQRPT)MAX - RINGI RING2 RING3 RING4 RINGS THETA- - RINGI RING2 RING3 RING4 RINGS
 
0.0014 0.0038 0.0046 0.0049 0.0039 83.76 74.47 71.31 0.0000 0.0000
 
ID IDCMAX IDRMAX IDC IDC2 IDC3 IDC4 IC5 IDCHU8 IDCTIP IDRI IDR2 1OR3 IDP4 IDR5
 
0.3399 0.0245 0.0215 0.0042 0.0207 0.0334 0.0361 0.0128 0.0124 0.0245-0.0147-0.0095-0.0024 0.0051 0.0215
 
CMULO CMUIL VIAIO VIAIL PA2/P PA2/PDY WA2/W2 CMU20 CMU2L VIA2O VIA2L (WAI+WA2)/W2 CMUO CMULPAI/P PAI/PDX lAI/H2 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000. 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000,0.0000 0.0000 0.0000 
tPT2R/PT?)BASE - RING1 RING2 RING3 RING4 RINGS (PT2R/PTZ)MEAS - RING1 RING2 RNG3 RING4 RINGS
 
1.015 1.010 1.02 0.9949 O.qT850.9863 0.9960 1.009 1.009 1.002 

A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
 
CF203 CF204 CF205 CF206 CF207 CI1208
CFI01 CFI02 CF103 CF104 CF105 CF106 CFE07 CFIOS CF201 CF202 

0.9994 0.9995 0.9949 0.9993 0.9996 0.9999 1.0000 0.9997-0.9736 0.9996 0.9992-0.9954 0.9946 0.9939 0.9971 0.9985
 
CF408
CF301 CF302 CF303 CF304 CF305 CF306 CF307 CF308 CF401 CF402 CF403 CF404 CF405 CF406 CF407 

0.9541 0.9978 0.9943 0.9929 0.9795 0.9893 0.9918 0.9960 0.9440 0.9861 0.9893 0.9857 0.9651 0.9790 0.9976 0.9898
 
CF501 CF502 CF503 CF504 CFSOS CF506 CF507 CF508 PTI SPF1 SPF2. SPF3 SPF4
 
0.9433 0.9670 0.9787 0.9587 0.9508 0.9591 0.9775 0.9723
 
RiO R102 R103 R104 R105 R106 R201 R202 R203 R204 P205 R206 R207 R208 
0.9997 0.9998 0.9999 0.9998 0.9993 0.9997 0.9990 0.9999 0.9999 0.9997 0.9996 0.9996 0.9994 0.9994 
k301 R302 R303 R304 R305 R306 R307 R308 R309 R310 R401 R402 R403 R404 R405 
0.9701 0.9842 0.9894 0.9993 0.9995 0.9995 0.9998 0.9,993 0.9997*0.9996 0.9935 0.9999 0.9993 0.9996 0.9988 
R406 R407 R408 R409 R410 R501 R502 R503 R504 R505 R506 R507 R508 R509 R510 
1.000 0.9997 0.9476 0.9596 0.9779 0.9879 0.9980 0.9993 0. 9 9 q8 0.9989 0.9999
0.9999 0.9996 0.9998 

P301 P302 P303 P304 P305 P306 P307 P308 P3/PT2 PJ101 P0102 P0103 P0104 PD105 PD106 P0107
 
0.6471 0.6804 0.6885 0.6708 0.6730 0.6424 0.6645 0.6843 0.6793 0.7482 0.8428 0.8503 0.8556 0.867/ 0.8867 0.8964
 
p010 POL09 Polio P011 P0201 PD202 PD203 P0204 P0205 P0206 PU207 P0208 P0209 PD210 P0211 D0212 PD213
 
0.9032 0.9094 0.9243 0.9265 0.9142 0.8911 0.8894 0.8884 0.8941 0.9065 0.8925 0.8992 0.8974 0.9001 0.9017 0.9126 0.9241
 






CONF MACH Q PT P TTR TR 
 RN/FT ALPHA BETA PREF WC2 PTi/PT AO/Al 02 PTRMS "ttI-FLAP/SLAT
1 0.900 712.3 2125 1256 577.1 
496.6 4.009 0.29 0.15 1417 
 142.7 0.9883 0.4598 0.0355 0.0000 0.377 0
 
GX1 DXI DX2 KA2 KC2 KRA2 PERCENT WC2 Q/PT2 KTHETA DS KTHETAS ­
0.0000 0.6951 0.1013 5.8106 0.1489 0.2919 65.76 0.0588 0.0718 25.20 0.0805
 
(AN/NSQRPT)NAX - RINGI RING2 
 RING3 RING4 RING5 THETA- - RINGI RING2 RING3 RING4 RING5
 
0.0037 0.0061 0.0037 0.0028 0.0044 91.96 97.34 O.QOO.0.0000 OOO 
ID IDCMAX IORMAX IDC1 IDCZ IDC3 10C4 
 IDCS IDCHUB IDCTIP' IDRI IRZ IDR3' IDR4 LOR5
0.2025 0.0123 0.0138 0.0088 0.0157 0.0206 0.0120 0.0104 0.0123 0.0112-0.0088-0.0051-0.0015 0.0017 0.0138
 
PAl/P PAI/POX WAI/W2 CMUIO 
CMUIL VIAIO VIAIL PAZ/P PA2/PDY NA2/W2 CMU20 CMU2L 
V0A20 VIA2L (WAI+WA2)/WZ CHUO CMUL
0.0000 0.0000 0.0000-0.0000 0.0000 0.0000 0.0000 
 0.0000 0.0000 0.0000 0.0000,0.0000 OOowO0.0000 0.0000 0.0000 0.0000
 
IPT2R/PT2)BASE - RINGI RING2 
RING3 RING4 RING5 CPT2R/PT2)MEAS - RINGI RING2 RING3 RING4 RING5
 
0.9824 0.9924 1.011 1.010 1.006 
 1.009 L.005 1.002 0.9983 0.9862
 
A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE
CFIOI CF102 CF103 CF104 CF105 CF106 CF107 CF108 CF201 CF202 CF203 CF204 
CF205 CF206 CF207 CF208
0.9882 0.9979 0.9969 0.9993 0.9993 0.9991 0.9994 0.9955-0.9778 0.9955 0.9987-0;9961 0.9959 0.9961 0.9976 0o.988
CF301 CF302 CF303 CF304 CF305 CF306 
CF307 CF308 CF401 CF402 CF403 CF404 CF405 CFA06 CF40OTCF468 "­0.9694 0.9970 0.9945 0.9940 0.9850 0.9925 0.9936 0.9920 0.9700 0.9925 0.9919 0.9890 0.9747 0.9839 0.9976 0.9931CF501 CF502 CF503 CF504 CF505 CF506 CF507 CF508 PT1 SPFi SPF2 SPF3 SPF4 
0.9677 0.9783 0.9837 0.9692 0.9644 0.9691 0.9848 0.9800
 
RIOt R102 R103 R1041 R105 R106 R201 R202 R203 R204 R205 R206 *R20? R20& ­0.9991 0.9989 0-9996 0.999i O.99h 0.9994 q0 .9q 9 2 0.9986 0.9992 0.9993 0.9991 0.9993 o9W0-;9988 -R301 R302 R303 R304 R305 R306 R307 R308 R309 R310 R401 R402 
 R403 R404 R405
0.9789 0.9884 0.9907 0.9996 0.9987 0.9996 0.9995 0.9994 0.9993 0.9991 0.9957 0.9996 0.9995 0.9992 0.9981
R406 R407 R408 'R409 R410 R501 R502 R503 R504 R505 R506 R507 
 R508 R509 "510
0.9986 0.9993 0.9991 0.9992 0.9993 0.9641 0.9731 0.9859 0.9914 0.9988 1.0000 0.9989 0.9987 
 0.9992
 
P301 P302 P303 P304 P305 P306 
 P307 P308 P3/PT2 P0101 P0102 P0103 PD104 PD105 
PD106 PD07
0.6687 0.7049 0.7139 0.6959 0.6963 0.6664 0.6879 0.7080 0.7010 0.7689 0.8758 0.8886 0.8958 0.9054'o09188 0.9249
PDI08 PD109 PD1O PD111 P0201 P0202 PD203 
P0204 P0205 PD206 PD207 P0208 PD209 PD210 P0211 PD212 PD213
0.9295 0.9337 0.9438 0.9468 0.9431 0.9239 0.9217 0.9206 0.9244 0.9329 0.9225 0.9272 0.9257 0.9270 0.9280 0.9359 0.9447
 






CONF MACH C PT P TTR TR RN/FT ALPHA BETA PREF HE2 PT2/PT AO/AI 02 PTRMS MTH FLAP/SLAT

V 0.902 713.8 - 2124 '1253 576.9 496.1 4.013 0.27 0.14 1417 239.5 0.9650 0.7532 0.1248 0.0060 0o.811- 0
 
GXI DXI DX2 KA2 KC2 KRA2 PERCENT WC2 QI/PT2 KTHETA DS KTHETAS
 
0.0000 0.2753 0.0426 0.1927 0Th627 0.2008 110.4 0.1817 0.0445 32.28 0.0413
 
(AN/NSORPT)$AX - RINGI RING2 RING3' RING4 RING5 THETA, - RINGL RING2 RING3 RING4 RING5
 
0.0037 0.o00800.III-ioo86 0.0112 84.92 93.99 93.18 118.7 0.0000
 
ID IDCMAX IORMAX IDCI IC2 "10C3 .1DC4 IDC5 IOCHUB IDCTIP TDRI IDR! I0R3 IDR4 IDR5
 
0.7768 0.0367 0.0571 0.0116 0.0162 0.0241 0.0418 0o.0316 0.0139 0.0367-0.0338-0.0258-0.0128 0.0153 0.0571
 
PAl/P PAl/POX hAl/WZ CMU1e CtU1L VIAIO VIAlL PAZ/P PAZ/PDY WA2/W2 CMU20 CMU2L VIA20 VIA2L (WAI+WA2)lW2 CMUO CMUL 
0-.0000 0.0000 0.0000 0.0000 0.0000 00000:0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.­
(PT2R/PT2)BASE - RINGI RING2 RING3 RING4 RING5 (PT2R/PT2)MEAS - RINGl RING2 RING3 RTN64 RINGS 
1.075 1.054. 1.036 0.9373 0.8978 1.034 1.026 1.013 0.9847 0.9429
 
A MINUS SIGN INDICATES A BAD COMPRESSOR FACE PRESSURE 
CFIO1 CF102 CF103 CF104 CSIO5 CF106 CFI07 CF1O8 CF201 CF202 CF203 CF204 CE205 CF206 CF207 CFZ08 
0.9993 0.9999 0.9865 0.9971 0.9995 0.9996 0.9996 0.9998-0.9916 0.9980 0.9953-0.9883 0.9927 0.9808 0.9743 0.9982 
CF301 CF302 CF303 CF304 CF305 CF30& CF307 CF308 CF401 CF402 CF403 CPr04 CF405 CF406 Cr46? c&4f8 
0.9860 0.9790 0.9732 0.9821 0.9540 0.9690 0.9877 0.9877 0.9446 0.9335 0.9686 0.9571 0.9099 0.9450 0.9952 0.9477 
CF5Ol CF502 CF503 CF504 CF505 CF506 CF507 CF508 PTI SPFL SPF2 SPF3 SPF4 
0.9135 0.8987 0.9388 0.9004 0.8795 0.8954 0.9420 0.9111 
RlOl RIOZ R103 R104 Ri05 R106 'R201 R202 R203 R204 R205 R206 R207 RZOS ­
0.9996 0.6994 0.9997 0.9996'0.9986 0.9997 0.9969 0.9998 0.9994 0.9998 0.9989 0.9992 0.9987 0.9992 
R301 R302 R303 R304 R305 R306 R307 R308 R309 R310 V401 R402 R403 R404 R405 
0.8979 0.9332 0.9342 0.9945 0.9994 0.9992 0.9992 0.9994 0.9995 0.9992 0.9305 0.9989 0.9985 0.9993 0.9986 
R406 R407 R408 R409 R410 R501 R502 R503 R504 R505- R506 R507 ' R508 R509 R510 
0.9997 0.9989 0.9991 0.9996 0.9991 0.8611 0.8709 0.9048 0.9726 0.9827 0.99qZ 0.9996 0.9990 0.9991 
P301 P302 P303 P304 P305 P306 P307 P308 P3/PT2 P1)101 POLO? P0103 PD104 PD105 PD106. poioi
0.5737 0.5849 0.5884 0.5766 0.5753 0.5479 0.5647 0.5868 0.5956 0.6835 0.6851 0.6307 0.6010 0.6374 0.7043 0.7359 
PD108 PD109 PO110 PD111 PD201 PD202 P0203 P0204 PD205 P0206 P0207 PD208 PD?09 PD210 PD211 P0212 -PDZ13 
0.7572 0.7782 0.8214 0.8291 0.7345 0.6826 0.6982 0.6781 0.7097 0.7401 0.7000 0.7330 0.7375 0.7519 0.7566 o.r99 0.791' 
